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CHAPTER I 
THE BASIC PROBLEM 
Introduction 
In the usual psychological experiment certain 
operations are performed upon the organisms being 
studied and a certain portion of the total responses 
are measured. The operations performed upon the organ­
ism may be roughly divided into two classes, those which 
are systematically varied and define the various experi­
mental groups,.and those which are held constant across 
groups. Certain lawful relationships are then deter- . 
mined between those operations which are varied and the 
responses measured. Those opera tions which are held 
constant are considered to be factors which may also 
a.tfect the responses being measured. It is usually felt 
that if these are held constant, then they will affect 
all groups equally and will not contaminate the results.­
The assumption here is that what is constant for the ex-� 
perimenter is constant for the various organisms. For 
example, in a T-maze problem, if the effect of several 
levels of hunger are being studied, the same maze is 
used with all groups, and it is assumed that the maze 
dimensions are constant for all groups. It may well be, 
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however, that a given.maze dimension may differentially 
affect animals at different hunger levels. If, at each 
hunger level, we use two mazes of differing lengths and 
find that the results obtained from one maze are paral­
lel to the results obtained from the other, then we may 
assume that a condition of constancy exists. In some 
cases it will be obvious that such a condition of con­
stancy does exist in the experiment, but in others this 
condition should be tested before the inferences are 
generalizable. 
It is to be noticed that the condition of con­
stancy is defined by an a priori choice of the response 
of the organism to be measured. It may well be that if 
one does get results which appear to support a condition 
of constancy, it would not have been obtained had another 
response of the organism been measured. Therefore, one 
must use care in choosing which response of the organism 
he is going to measure. 
In the experiments to be reported on in this paper, 
close attention was paid to the effect of certain of the 
operations which in previous experiments have been con­
sidered under the class of "constant operations ... In the 
activity experiment, attention was focused on the effect 
of the apparatus used in measuring the activity, and in 
3 
the T-Maze experiment, attentionwm focused upon a certain 
training procedure that has been used in many learning 
experiments in the past. 
The Specific Problem 
Activity 
Many investigations have been performed in which 
the activity of animals has been studied as a function 
of numerous variables, one of these being hunger. Al­
though many different types of apparatuses have been used 
in the past, results, up until the last few years, have 
been fairly comparable. Now, however, a once clear area 
of agreement has become clouded and another of the "known" 
of psychology has become a "maybe." Since activity is a 
term covering a wide range, if not all, of the organism's 
responses, the type of activity being measured becomes of 
first importance and this is clearly a function or the 
apparatus used. In this experiment two types of appara­
tuses are used, one of fairly recent origin and the 
other especially designed for this study for reasons to 
be given in detail later. The other types of apparatuses 
have been used enough so that we may assess their effect ' 
on variables that have been measured. Thus we have a 
chance to determine the effect of hunger on activity as 
4 
a function of the apparatus used. 
Forcing 
In many T-maze experiments (to be discussed later 
in this paper) animals are often run several trials a day 
--some are free choice situations and some are forced 
choice situations. The reasons for employing such pro­
cedure are sometimes obvious, at other times obscure. 
Quite often animals are at different hunger or thirst 
levels and since this procedure is used uncritically 
the experimenters are obviously asswjing the above dis­
cussed condition of constancy. In the present experi­
ment the effect of the forcing procedure per se was de­
termined over a wide range of·�unger levels and on many 
measures of maze performance. 
Activity and Maze Performance 
Some experimenters have felt that general activity 
and maze performance should be related in some manner and 
a few experiments have been done to ascertain this rela-
tionship. ( 1, 33, 34, 36, 41, 49) Obviously, unless 
it is known what sort of activity is being measured, the 
relation of activity to maze performance will remain ob­
scure. Equally obvious is the need to know the effect of 
the maze and running procedures upon the measures of maze 
performance being used in order to have some understanding 
of the role of the particular activity being measured. 
Since the proposed experiments aim, in some small meas­
ure, to assess the type of activity measured and the 
effect of the maze procedures used, some idea of the 
relationship between these variables can be obtained. 
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CHAPrER II 
ACTIVITY OF THE WHITE RAT AS A FUNCTION 
OF FOOD DEPRIVATION 
Many studies have been done on the bodily activity 
of the white rat. Variables such as hunger, thirst, nu­
trition, somatic insult, envirorunental restriction, and 
others have been tested in order to see how they affect 
this activity. The reasons for studying this aspect of 
the white rat• s behavior are. seldom made explicit but 
four main reasons can be inferred. 
1. The gross activity of an animal may be thought 
of as indicating, to some crude extent, the state of 
bodily disequilibrium and is thus important in homeo­
statically oriented theories. (8, 22, 44, 45) 
2. It has been used as a criterion for naming 
and ordering so called "primary drives." (42, 49, 69) 
). Activity of an organism can be thought of as 
a measure of the amount of inunediately available energy 
which can be channelized into a particular response (for 
example, maze running) . (17, 36, 49) 
4. Activity may be considered as an indication 
of the comparative excitatory value of various stimuli. 
(5, 4<8) 
Whatever the reason for study:i.ng �ctivity'. it i.s 
elementary to define what kind _of .activ�ty is_: ·being· 
measured •. Activity as a· concept .is_ too 'br9ad· :and -·run-
biguous to be of any value ! Elementar"y .as this. s_ourids, ' .. 
. .· .. · . . 
' '  
', . . 
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it has apparently escaped th:e not_ic·e of ·most researchers 
.· , . . . 
in this field •. If any modifiers. at· ail. ·ar_e:. used with 
this term they are usually ••spontaneQUS-� It. ·�Random, n 
. . . � . � � . 
nRestless," "General,n ·etc. ·Modifi.ers suc_h·as these do·· 
little but point out the investig�tor i s in�bfli�y to 
specify the source of this behavior _an_� are useless in 
describing the behavior. Generalizations fr.om such data 
become. questionable. 
The kind of actfvity being measured is completely 
dependent upon the apparatus used and·it will therefore. 
be instructive to examine the various types that have 
been employed and see what inferences can be made about 
the behavior being measured by these apparatuses. 
Types of Apparatus Used 
In studying the effect of hunger upon activity 
previous investigators have used at least six different 
types of apparatuses. A brief description of each fol-
lows: 
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The Activity Wheel 
This apparatus consists of a hollow revolving drum 
of various diameters in which the animal runs. The number 
of revolutions is the usual measure of activity although 
kymographic and cumulative step recordings have also been 
used. This apparatus is the most popular device used to 
measure the activity of the rat. Skinner (S5} gives an 
excellent discussion of the physics involved in this ap­
paratus. It is obvious that this apparatus measures, 
almost exclusively, activity of a locomotory nature. It 
is also probable that in fairly free turning wheels there 
is a distinct possibility of positive apparatus feed back 
from the proprioceptive cues furnished by running plus 
the inertia of the wheel. In the light of recent experi­
ments it is quite likely that this has a great effect on 
the activity measured. This apparatus has several 1m: 
portant characteristics. 
1. Many studies (13, 14, 26, 38) have shown that 
it takes from three to six weeks for animals to reach a 
base leve l of activity on ·these machines; that is, to 
adapt to them. 
2. Hall (21) has shown that some animals can de­
part from their base leve ls by a factor of 5,000%. 
3. Activity measured on this apparatus is usually 
an all or nothing affair; that is, it comes in bursts of 
9 
activity and over a twenty-four hour period tends to be­
come cyclic in freque·ncy. 
Spring Mounted or Tambour Machines 
The second most popular machine is the spring 
mounted or tambour machine •. These machines have de­
clined in popularity but many of the classic studies in 
activity have used them. (42, 44, 70) These machines 
appear to be capable of measuring both locomotory and 
non-locomotory behavior, depending on the sensitivity of 
the apparatus. The less sensitive the apparatus, the 
more gross the movement must be before it will register. 
The important characteristics of this type of apparatus 
are: 
1. They almost always use kymographic recordings 
which give a record difficult to interpret. What is 
usually tre�ted by the investigator as results are the 
number of arbitrary time units in which movement oc­
curred (us�ally about five minutes). Thus animals can 
be vastly �ifferent in total energy expenditure and yet 
appear almost equally active. 
2. This type of apparatus is very sensitive to 
differences in body weights of organisms being tested 
and since weight changes greatly in the early life of 
the rat it becomes a poor instrument on which to see 
the effect of age changes and of any procedures that 
cause significant weight change�. 
Pedometers 
10 
Liddell and others (22, 3�f have used this in­
strument on sheep and dogs, their size making other de­
vices impractical. Pedometers·measure locomotory and 
some of the more gross non-locomotory_movements but em­
phasize the locomotion of the organism. Th�y are com­
paratively delica�e; breaking e·asily, and are p:robably 
of little use for short periods of observation. 
Field Measurements 
Some investigators (41, 42, 50) have merely meas­
ured the amount of unit traversals in an open field or a 
maze for -a given unit of time as an indication-of activi­
ty. This is obviously a measurement of almost pure loco­
motion. It is also applicable to larger organisms. 
Some field studies have shown, however, that there is an 
adaptation period needed here before any base activity 
can be determined. 
Electric Eye Devices 
Recently Siegel (51, 53, 54) has described an in­
genious apparatus for measuring movements in an animal 1 s 
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cage. Activity is registered whenever the animal crosses 
the path of an electric eye. This apparatus also meas­
ures, to a great extent, locomotory behavior. This ap� 
paratus has the following characteristics (51): 
cage. 
1. Rapid adaptation. 
2. High machine to machine comparability •. 
). The animal is not removed from his living 
Tilt Mechanisms 
Recently Campbell (4) has described an apparatus 
which consists essentially of a platform resting on four 
micro-switches and a center s�aft. Movements around the 
cage will cause these switche� to close and advance a 
counter. With certain modifications this apparatus is 
used in the present study. Like the tambour and spring 
mounted machines it has the ability to measure non-loco­
motory behavior as well as locomotory behavior, depending 
upon the sensitivity of the apparatus. This tipe of ap­
paratus has the following characteristics: 
1. Easily constructed. 
2. Quantitative measures useful for short periods 
of observation. 
3. Minimum disturbance of the animal's usual 
living environment. 
4. Rapid adaptation. 
1 2  
Food Deprivation and Activity 
Until quite recently almost all, if not all, in­
vestigators studying the effect of hunger upon activity 
of the white rat have repo�ted large increases in activi­
ty up until 48-72 hours of food deprivation (13, 21, 44, 
54). Richter (44) has demonstrated the relationship be­
tween the two hour cycle of activity in the rat and its 
stomach contractions and others have shown maximal 
activity prior to feeding when the rat has become ac­
customed to a regular feeding schedule. Some text -
books state, without qualification, that hungry animals 
are more "Restless" than non-hungry animals (7, 8, 22) . 
Recently, however, Sheffield and Campbell. (5, 48) 
have done a series of experiments showing that hunger 
brings only slight increases in activity if there are 
no changes in external stimulation. Changes in the en­
vironment, however, do cause hungry and satiated ani­
mals to be significantly more active. This effect is 
greater for hungry than for non-hungry animals. Shef­
field and Crunpbell state {48, p. 97) : 
It is commonly assumed that hunger is a 
state that drives the hungry animal into rest­
less "spontaneous" activity. Casual observa­
tion of hungry animals, however, gives a dif­
ferent picture of the effects of hunger on 
activity: (a) Left to themselves, caged hungry 
rats appear to sleep much of the time and do 
not move about restlessly. 
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Sheffield and Crunpbell suggest that hunger has the effect 
of lowering �he animal's thresholds to external stimula­
tion so �hat they respond more actively to these stimuli. 
In studying Sheffield's and Campbell's premise, 
one must then seek an explanation for the differences be-
. . . 
tween their study and previous studies. In the case of 
the experiments using the activit·y wheel two explanations 
suggest the�selves. 
1. The ·external stimuli afforded by the wheel's 
turning. These would·be mainly of an auditory and visual 
nature. Hall {21.)'still found an increase when he con­
trolled for auditory cues. 
2. Internal stimuli caused by the rotating of 
the wheel. TheEe �ould be primarily proprioceptive in 
nature. 
Both of these explanations fit well into the formu­
lation of Sheffield. Studies that have used tambour or 
spring mounted devices are so difficult to interpret for 
reasons previously stated that they will not be scruti­
nized at present. 
Some recent studies that are harder to handle 
with Sheffield's hypothesis are those of Siegel (51,54) 
in which external stimuli seem better controlled and yet 
there was an immediate rise in activity with food depri­
vation. Possible sources could be the stimuli arising 
from other animals nearby, a factor controlled by Shef­
field, or the stimulation from the electric eye itself, 
which is not likely since these beams are narrow and 
not very bright. 
The present investigator suggests another hypothe­
sis for the discrepancy--not in any way suggesting it as 
a substitute for Sheffield's hypothesis but as another 
import.ant factor which must be considered. The hypothe­
sis states that a great deal of the difference between 
the two studies lies in the type of activity being 
measured. That is, that Siegel's apparatus measures 
locomotion almost exclusively while Sheffield's probably 
measures both locomotory and non-locomotory activity. A 
recent article by Cotton (6) shows the importance of 
such a distinction. He found that in a runway maze 
hungry animals do not run faster than non-hungry ani­
mals but that they show fewer responses which would 
interfere with locomotion. Hunger then may act in one 
of three ways. It may cause a rise in locomotion, a 
fall in non-locomotion or both. 
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In order to test the feasibility of the above 
distinction, the present study was designed. The app'a­
ratus to be described was designed to measure, as much 
as possible, any movement of the animal. Also consider­
ed of importance was the minimizing of external changes 
when activity was being measured, getting a true base­
line of activity before the animal has had any experience 
with food deprivation, and studying activity after the 
animal has experienced considerable food deprivation. 
With the contact apparatus to be described in 
the first two part s of this study it was specifically 
predicted that hungry rats would show significantly 
less activity than they did when they were not hungry. 
With the microswitch apparatus used in the second part 
of the study, it was predicted that as  in Sheffield's 
studies there would.be a slight rise in activity with 
hunger. 
Experiment 1--Part 1 
Apparatus 
The apparatus was designed to measure not only 
locomotory activity but also activity of a non-locomo­
tory nature such as biting or chewing on the cage, 
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scratching, rearing, preening, etc. The apparatus {see 
Figure 1) consisted of a one-half inch thick plywood 
square, 10 inches on each side; dimensions identical 
with the bottom of the living cages. This platform is 
supported at the center of the bottom-side by a pointed 
steel shaft which fits into a conical depression. Below 
this plat.form is a square frame made from l¼" x l¼" 
stock, the inside dimensions being 10½". At the middle 
of each side o.f the lower .frame is a metal contact. 
About 1/8" below the square platform is another metal 
contact which extends far enough from the side to over­
lap the contact on the lower frame. Thus, when the plat­
form is tilted, one or two of the sides will make con­
tact with the plates� closing an electrical circuit and 
advancing an electro-magnetic counter. Obviously the 
opposite sides of the platform can not make contact 
simultaneously so that only two counters are needed 
'for each activity recorder. 
Subjects 
The S's were 38 albino rats obtained from the 
Home Economics Department of the University of Tennessee. 
Twenty-four were female and 14 were male. These rats 
were obtained at weaning and, until the deprivation 
period, were maintained on an ad libitum diet of dry 
Figure l 
Top and Side View of the Contact 
Stabilimeter Used in the 
.. Presep.t Study 
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Fige 1 
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Purina dog pellets and water. 
Procedure 
When the rats were between 120-160 days of age 
they were given twelve JO-minute trials on the activity 
recorders in order to determine their base activity level. 
These pre-deprivation trials were spaced over a perio� of 
48 days. All anim�ls were rotated on all four recorders 
so that each rat had three measurements on each recorder. 
The recorders were in the same room as the living cages 
but the counters were in another part-of the building so 
that auditory stimulation at the time of measurements 
was kept at a minimum. Each animal's cage was _placed on 
the recorder platform and readings were taken every five 
minutes for JO minutes. The animal was not touched by E 
and remained in his living cage at all times. Food and 
water were in the cage during the measurements. 
At the end of this pre-deprivation period the ani­
mals were divided into matched groups, based on individual 
rat activity, sex, and age. The distribution of sex is 
given in Appendix A. Originally only three groups of 10 
rats were planned; these were the O, 24, and 72 hour 
groups. Eight of the 72 hour animals died, however, after 
two weeks of this deprivation schedule so a fourth group, 
48 hours hungry, was added. These animals were treated 
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exactly like the original groups except that they were 
not matched to the original group for pre-deprivation 
activity. As a group, these rats showed a slightly 
higher base activity than the original group; they were 
also slightly younger (90-160 days). 
Each group was then placed on its respective 
deprivation schedule, with the O control group retaining 
food on an ad libitum basis. The 24 hour deprivation 
group was fed once every 24 hours on wet mash for a 
period of 30-45 minutes. This feeding always took 
place about 15 minutes after activity was measured. 
The 48 and 72 hour groups were also fed once every 
deprivation period for a similar length of time and 
their activity was also measured :immediately before 
feeding. In both pre-deprivation and post-deprivation, 
activity was measured at approximately the same time in 
the evening. Illumination was kept constant for the 
entire length of this experiment. The O and 24 hour 
groups had 12 JO-minute post-deprivation trials over 
a period of 30 days. The 72 hour group had at least 
five post-deprivation trials, the first four of which 
are included in the results. This was over a period 
of 12 days. The 48 hour group had 12 post-deprivation 
trials over a period of 45 days. 
Experiment 1--Part 2 
Apparatus 
Two types of activity recorders were used. The 
first type was the same as in Part l of Experiment 1, 
except for minor improvements. The second type was 
similar to recorders used in Experiment 1, but with 
microswitches substituted for metal contacts. This 
was done for two reasons: (1) The wish to duplicate 
Sheffield's and Campbell's study to see if comparable 
results were obtained over a long period of time. (2) 
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To have an apparatus that was proportionately less sensi­
tive to non-locomotory activity than those used in Ex­
periment 1. It was felt that microswitches would be less 
sensitive to non-locomotory activity since the switch 
must make a full upward excursion after being depressed 
in order to further advance the counters. Contact ma­
chines required only a slight upward excursion before 
the downward movement again registered a count. For 
comparable rats the microswitch machines gave only 
20-30% as many impulses as the contact machines. 
Subjects 
The S's were 30 albino rats obtained from the 
same source as those in Experiment 1 and were treated 
identically. There were 15 males and 15 females 
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distr ibuted evenly over drive groups. The exact distri­
bution of sex is given in Appendix A. At an early age 
(40-60 days) the animals were matched for activity on 
the contact machines and were then divided into two groups 
also matched for age and sex. The group whose activity 
was measured on the contact machines, as in Part 1, will 
be called the contact group. The group whose activity 
was measured on the microswitoh machines will be called 
the micro group. These two groups were run for 15 30-
minute trials over a period of 23 days under satiation 
conditions. Each group was then div ided into three sub­
groups of O, 24, and 48 hours food deprivation matched 
for activity, sex, and age and were then run on post­
deprivation trials in the same manner as Experiment 1. 
All animals were rotated across all machines. The 0 
group had 12 post-deprivation trials over a period of 
15 days, the 24 hour group had 9 post-deprivation trials 
over a period of 12 days, and the 48 hour group had 7 
post-deprivation trials over a period of 12 days. 
Results--Parts l and 2 
At the end of the pre-deprivation phase of the 
various activity experiments the distribution of scores 
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on each counter of each machine was determined and the 
mean and standard deviation of each counter was computed . 
These distribu�ions were somewhat positively skewed but 
close to a normal bell shaped curve. Each rat•s daily 
score on a particular counter (two counters per machine) 
was divided by the standard deviation of that counter. 
In this way each rat could be compared to any other rat 
regardless of which machine they were on. 
Figure 2 shows the pre-deprivation and post-depri­
vation activity of each deprivation group. The contact 
groups in Parts 1 and 2 had strikingly similar depression 
in post-deprivation activity for the respective depriva­
tion groups and have therefore been combined. �ach point 
represents three days of activity in order to smooth the 
curve. The ·plots express the deviation of each group 
from its pre-deprivation mean. Table I gives the means 
and standard deviation of each group for its pre- and 
post-deprivation periods. The one tail t value. for 
each group was computed. 
These values are in Table I and the probability 
of obtaining three independent probabilities of this 
magnitude was calculated according to Fisher (15) . 
A non-parametric analyses of variance was applied 
to the four contact groups before and after deprivation. 
Figure 2 
Pre-Deprivation and Post-Deprivation Activity 
of Each Group Expressed in S. D. Deviations 
from Its Own Pre-Deprivation 
Mean Activity 
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TABLE I 
PRE- AND POST-DEPRIVATION MEAN ACTIVITY IN S.D. UNITS 
FOR CONTACT AND MICROSWITCH GROUPS 
Hours of DeErivation 
Oontact GrouE 
48 
Micro Grou;e 
.. 24 . 72 0 24 
N 1.5 15 15 10 5 5 
Pre-�eprivation Mean 1.42 1.32 1.39 1.44 1.15 .96 
Post-Deprivation 
Me�n 1.42 1.16 1.09. 1.28  1.00 .87 
Pre-Deprivation s. D. .45 .42 • 48 .45 .31 .33 
Post-Deprivation S. D. .28 .36 .38 .45 .07 .16 
Pre-Post-Deprivation 
Rank Order Corre-
lation .60 .80 .42 .61 .90 .70 
t 0.00 2 .39 2. 50 1.33 1.36 .81 
p 
( one tail) .015 .,011 .11 .13 .22 
P o:f P•s i:2 2 2 .08 
P of P 1 s .001 . 
48. 
5 
1.01 
.95 
.20 
.35 
.80 
.60 
.25 
25 
The x2H (three D. F . ) for the differences between groups 
before deprivation was 0. 27, and for differences after 
deprivation was 5 .47 . This latter value has a p of ap­
proximate ly . 07. Because the groups were matched for 
activ ity this probability value is probably too large 
but a matched groups analysis of variance could not be 
used because the rats were not matched on a rat to rat 
basis. The pre-deprivation and post-deprivation x2H 
for the micro group �rs 1. 36 and . 55 respectively, both 
values being well within chance limits. 
S ince many studies have indicated that females 
are more active than males, this comparison was also 
made in order to see if this is a factor specific to 
certa in types of activity or whether it is a general 
difference over a wide range of activity. Tab le II 
gives the means an d standard deviations for fema les 
and males respective ly. The t for these values is also 
given in Table II. It can be seen that fema les are 
significantly more active than males and that this 
seems to be true regardless of the apparatus used . 
Hitchcock, using an activity whee l, found that females 
were 56% more active than males . The difference is 
greater than that found in the - present investigation 
( 27%) . 
If 
TABLE II 
SEX DIFFERENCES IN ACTIVITY, 
ALL GROUPS COMBINED 
Male s Females 
29 41 
Mean Activity 1. 14 
S . D. .57 
S. D. mean . 073 . 089 
26 
t 
3.20 
p . 01 
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Contact Apparatus 
Comparing all deprivation groups against the con­
trol group the results were in the direction predicted 
and highly significant .  All deprivation groups consider- , 
ed separately were significantly less active at the . 05 
point except the 72 hour group. The data suggests that 
the maximum decrement occurs around 48 hours of hunger 
and then £ails somewhat. The reliability �f these ma­
chines as determined by the rank order correlation of 
each group between its pre-deprivation to post-depriva­
tion is indicated in Table I along with those of the 
roicroswitch groups . It is significant to see that the 
reliability is as good across deprivation levels as 
within, suggesting that the effect  of the deprivation 
is fairly constant between an imals (i.e.  groups chang-
ing drive level are as reliable as grouJ:5having no 
change in drive) . 
Microswitch Apparatus 
The trends obtained with this apparatus were 
similar to those of Sheffield's with this exception :  
all groups showed a decrease in the post-deprivation 
period. Since post-deprivation activity was measured 
over a much longer period than in Sheffield ' s  study 
this may be a factor of age. However, the groups 
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order themselves in the same way as Sheffield's 24 hour 
controls. The present differences are not s ignificant 
but neither were Sheffield's over a short period of 
time. 
It is of interest to note that over the three 
months period of the contact group's measurement there 
was no ind ication of a decrease in activity, suggesting 
that this type of activity does not show as great or 
rapid a decrement as the animal grows older. 
Discussion 
It was previously stated that unt il Sheffield's 
work most of the workers in this field were convinced 
that hungry rats were more active than non-hungry rats. 
However a close look at the exper iments of that time 
would ind icate many points that suggest that the rela­
tionship was not that clear cut. Although Richter did 
show an increase in activity with hunger and correlated 
this with the two hour cycles of stomach contract ion in 
the rat, he also found that rats which were deprived of 
food and water showed an immediate and continuing de­
crease in activity. Unless it can be shown tha t under 
these conditions stomach contractions cease, the cor­
relation would appear to be spurious or coincidental. 
This would also tend to throw ser ious doubt on any 
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homeostatically oriented theory since it is obvious that 
a rat both hungry and thirsty is in a greater state of 
disequilibrium than if just hungry or just thirsty. 
·Hitchcock's studies (24) also cast doubt on the role of 
stomach contractions. In studying the effect of protein 
hunger and absolute hunger on activity, he found that 
both increased activity but that the protein hungry rats 
showed even more activity than the rats which had had 
nothing to eat. Thus the lack of food in the stomach 
per se would not seem to be the important factor. 
Other experiments indicate that the use of such 
terms as "Spontaneous" activity indicates that this 
activity appears immediately as the rat gets hungry and 
are ignoring the indicat ions that the activity, as 
usually measured, shows a significant increase over time 
even if the deprivation is held constant. Hall ( 21) 
showed that rats 23 hours hungry show a steady increase 
for 15 to 20 days in activity in a revolving drum ap­
paratus until the activity was 1,438% that of the 
animal's mean base level. Sheffield and C ampbell (48) 
also showed that if hungry rats get a signal before 
they are going to be fed they will show steadily in­
creasing activity over a period of at leas� twelve 
days but that the signal, if not followed by food, will 
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cause the activity to slowly fall. Geir (16 ) ran two 
groups of rats which were 23 hours hungry for four one 
minute trials a day. One group was fed after each 
t�ial, the other was not. He found that the fed group 
yielded higher activity than the non-fed group and also 
found that the fed group contin ued to increase their 
activity for six to eight days. Reversing the groups, 
he found a switch in activity indicating that reinforce­
ment of the activity is of great importance and that the 
activity will show extinction like any other learned 
response when the reinforcement is removed. Finger 
( 13 ,  14) speaks of a satiation syndro1n9, by which he 
means that after an animal has been deprived, he shows 
more activity in an activity wheel but when food is re­
stored ad libitum there is a drop in activity far below 
the animal's base level before the initial deprivation. 
For animals 24 hours hungry, this drop only lasted for 
the first day, but for hungrier animals it could last 
for two or three days. Since the drop comes so quickly 
it would seem to be due not to the fact that equilibrium 
is restored but to the generalization decrement incurred 
by such a radical change in what might be considered a 
cond itioning situation. Richter and Wang (,W.) found rats 
would run from O to 27 miles a day. These high values 
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suggest  that .  the running in the wheel may be self rein­
forcing since rats in their cage s show no running to 
thi s exten t. 
Since neither the disequilibrium hypothesis nor 
stomach contraction explanation s seem to be generally 
applicable, another explanation must be sought both to 
explain the result s of previou s inve stigation s and the 
pre sent re sults. If one orders the variou s types of 
apparatuse s previou sly described by their emphasis on 
locomotion they would rank a s  follows : 
1. Activity wheel s which force the animal to run 
once he begin s running in order to maintain his balance 
and produce s large amount s of proprioceptive feedback. 
2 .  Siegel ' s  electric eye apparatus which on ly 
regi ster s  if the animal pas ses through the berun. There 
is  no apparent feedback in thi s apparatu s. 
J .  · The stabilimeter which, depending on its  
sen sitivity, can mea sure gro s s  non-locomotory behavior 
as  well as  locomotion from one quadrant to another. 
4. The apparatus used in thi s study, which i s  
es sentially a very sens itive stabilimeter. 
If one then draws a family of curves indicating 
activity over various level s of deprivation for each 
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machine, one sees ( Figure 3 }  that activity as a function 
of  deprivation also orders itself in the same manner. 
Since C otton has showed the value of distinguishing be­
twe en locomotory and non-locomotory behavior in analyz­
ing runway spe ed as a function of deprivation, it might 
be useful to see if such a formulation will work in this 
instance. 
If we conceive of hunger as causing non-locomotion 
to decrease and drop out as a method of conserving bodily 
resources and, at the same time, increasing loc omotion, 
which would serve as a method of finding food and of 
easing the hunger ,  the above ordering makes sense. This 
would also explain why, in this experiment, the decrement 
in activity se ems to reach a maximum at 48 hours sinc e by 
this time it is quite likely that non-locomotory activity 
had dropped to a low level while locomotion is still in­
creasing. This hypothesis would in no way invalidate 
Sheffield's hypothesis but merely impresses upon any 
theorist in this field the necessity of clearly spe cifying 
the type of activity being measured. 
Sunnnary 
Two types of stabilimeters were used. One was 
designed to be more sensitive to minor movements than 
the other. 
Figure 3 
Relative Act ivity at Different Deprivation 
Levels for Different Types of 
Act ivity Apparatuses 
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· S 1 s were 70 alb ino rats , male and female. Ani­
mals were obtained at wean ing and kept on an ad l ib iturn 
diet for three to six months . During this per iod a 
series of measurements were ta.ken in order to determine 
base level of activity. Animals were then matched for 
age , sex , and activity and split into four groups .  One 
,group , the control, remained on an ad . lib iturn diet and 
the other three were put on 24, 48 , and 72 hour depriva­
tion schedules respectively. �ctiv ity measurements were 
again taken over a long period of t ime while the animals 
were on the ir respective deprivation schedule. Pre- and 
post-deprivation trials were one-half hour long with 
readings taken every five minutes. 
On the se�sitive machines,  called contact machines , 
the deprived animals showed a signif icant drop in activ ity, 
with the 48 hour group showing the greatest decrement and 
the 72 and 24 hour groups the least. 
On the less sens itive machines , called microswitch 
machines, all animals showed a drop in act ivity during 
the post-deprivation period but the control group showed 
the greatest decrement and the 48 hour group showed the 
least. 
Females were found to be significantly more active 
than males by a factor of 20-30%. 
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The dat a were interpreted as show ing that two 
kinds of ac tivity operate in this situat ion,  locomotory 
and non- locomot ory . Locomot ory ac t ivity seems to rise 
/ 
with deprivat ion and non- locomotory act ivity appears to 
drop out in deprived animals . 
CHAPTER III 
THE EFFECT OF HUNGER AND FORCING 
IN T-MAZE LEARNING 
In a variety of T-ma ze learning situations, in­
vestigators have wished to control the number of times 
an animal may go to either side. Usually this is done 
by running the animal a given number of trials a day 
and on certain trials dropping a door at one side of 
the choice point so that the rat may only go in one di­
rection. Four types of exper iments have used this 
technique. 
1. The great ma jority of experiments using this 
technique are those in which the investigator is trying 
to study the phenomenon of latent or incidental learning. 
This has been done in four ways. 
a. An animal is motivated for a given reward 
(usually food or water) which is on one side of the maze. 
On the other side is an irrelevant reward to which, for 
a certain number of trials a day, he is forced. Later in 
the exper iment the motivation of the animal is now 
changed so that the irrelevant reward becomes relevant 
and the animal's choice on the first free trial is con­
sidered to be an indication of latent learning ( 19, 27 , 
28 , 60, 61 ) . 
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b .  This de s ign , used more often ( 18 ,  30 , 32 , 
64, 67 ) is like the firs t type except that the reward 
for which the animal is initially rewarded is on both 
s ide s and the irrelevant reward is on one s ide . As in 
the first , in a later phase of the experiment the mo ti­
vat ion is changed so that the irrelevant reward become s 
relevant . 
c .  This de s ign ( 28 ,  31 , 60 ) also commonly used  
has one reward on one side and a different reward on  the 
other ( usually food and water ) . The animal is run sati­
ated for both and so forced that each day he goes to  
each an equal number of  time s . Later on in the experi­
ment the animal i s  mot ivated for one or the other sub-
itan.cre and his first free cho ice is again used  as an indi­
c at ion of latent learning . 
d .  The an imal is motivated by thirst but gets  no 
water on e ither s ide of the maze .  On one s ide is food , 
for which he is not mo tivated . As  usual he is  forced  to 
each s ide of the maze equally . Later he is made hungry 
and his first free cho ice hungry is cons idered the te st  
of  inc idental learning ( 40 ) . 
2 .  Denny and others ( 9 ,  10 , 11) have used this 
me thod of forc ing in order to as s e s s  the role of the in­
correct re sponse in a T-maze s ituat ion . By varying the 
38 
differences between the correct and incorrect end boxes 
and using forcing to keep exposure to the incorrect goal 
box constant between groups, Denny hoped to assess the 
secondary reinforcement value of the respective end­
boxes. 
3 .  Siegel ( 52 )  used forcing in a T-maze as a 
method of assuring equal exposure to each side in a 
T-maze while investigating the effect of differing 
amounts of initial response strengths in the situat ion . 
Here animals were rewarded on both sides, one group a 
few times and one group a great many times . After this 
has been done , a usual T-maze learning situation was 
used with one side arbitrarily designated correct for 
each rat. 
4. Teel and Webb ( 65 , 66 ) for some unnamed reason 
used forcing in a T-maze experiment in which, from the 
first, one side was designated for the rat as correct 
and the usual learning and extinction procedure was 
followed. Since they were studying the effect of depri­
vation on this type of learning it is likely that they 
wished to give all groups an equal ntunber of reinforce­
ments. 
A few of these investigators ( 30 ,  67 ) have ques­
tioned the effect of the forcing procedure and have run 
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controls to see what, if any , effect it has. Unfortu­
nately they have used only errors in the maze as a cri­
terion and usually at only one deprivation level. Kend­
ler, however, made the following observation ( 29, p .  �69) : 
An examination of the running times on the 
last day of the training series ( seventh day) 
reveals a marked difference between the free 
choice and the force choice trials. The thirsty 
animals averaged 4 . 8 seconds on their free 
choice trials ( all correct) and 7 8 . 6  seconds on 
their forced trials ( all to food ) .  This was 
significant at the . 01 level. The hungry ani­
mals had a mean running time of 6 . 3  seconds on 
their free choice trials ( all correct and to 
food) as compared with a mean running time of 
9. 9 seconds on their forced trials ( all to 
water) . This was significant at the . 05 level. 
Kendler also states that this was not because they 
ran slower but because they kept trying to go to the cor­
rect side on the forced trial. This certainly suggests 
that forcing may have a great effect upon the animal and 
that this effect may well be differential according to 
how strong the motivation to go to the side away from 
which the animal is being forced. Studies using only 
errors as a criterion have found no differences between 
forced and non-forced animals. 
The present investigation is designed to test the 
effect of forcing animals to go away from a goal for 
which they are motivated. Three levels of motivation are 
used from low to high and three main types of measures 
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have been used to describe the animal's behavior in the 
maze situation. These are : 
1. Errors in conditioning and extinction. 
2. Time scores in conditioning and extinction. 
3 . Behavioral protocols in conditioning and 
extinction. 
lows : 
The general hypotheses being tested are as fo l-
1. Forcing will not in any way help learning . 
2 . In certain measures, most likely time and be­
havioral measures, forcing will have a deleterious ef­
fect . 
3 . This effect will be differential according to 
the motivational level of the animal . The higher the 
drive the greater the decrement . 
4. This deleterious effect will be greatest at 
or near the choice portion of the maze. 
It is hoped that such a study will indicate under 
which conditions forcing can and cannot be used without 
seriously affect ing the results and generality of variou s 
studies . 
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Experiment 2 
Apparatus 
Figure 4 shows the con struction and measurements 
of the T-maze. Guillotine door s are at B ,  C, D, and E. 
Electric timers , accurate to 1/100 of a second , were used 
to measure latency and choice t ime ,  and a stop watch was 
used to measure total running time. The doors, dropped 
by hand , were so wired that latency and time to make a 
choice were measured automatically by the action of the 
doors dropping. 
Subject s 
The S 1 s were the same animals used in Part 2 of 
Experiment 1. They were 120-150 days old at the begin­
ning of the experiment. They were mainta ined on their 
respective deprivation schedules and those rat s  used on 
the contact mach ine were the forced group while those 
used on the microswitch machines were the non-forced 
group. !t will be reca lled that these groups were pre­
viou sly matched for age, sex, and activity. At the be­
ginning of the experiment all animals were given two 
free choice trials with no food in order to see if there 
was a s�rong positi�n habit. If the animal turned in 
the same direction during these two trials, the other 
Figure 4 
Top View or the T-Maze Used 
in Experiment 2 
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s ide was des ignated the co rrect s ide; otherwis e, the 
animal' s " correct s ide" was that oppo s ite his firs t 
cho ice. 
Procedure 
. 4'-3 
1.  Forced  gro up.  Co nditio ning . Animals in t he 
fo rced group were run four trials a day with an inter­
trial perio d of one to 10 minutes . T he firs t two trials 
were free choice and if the rat turned in the same direc­
tion fo r both trials , t he last two trials were fo rced in 
the oppo s ite directio n. This was do ne by dro ppi ng one of 
the doors at C ( s ee Figure 4) . If the . animal alternated 
his choice on the firs t two trials , the third trial was 
also a fre e cho ice and the fourth trial was then forced 
s o  that the animal was run to the right s ide twice and 
to the left t wice. The animals were reinforced fo r a 
correct cho ice with wet mas h and allo wed to eat for ap­
proximat ely 20 seco nds . If t he animal made a wrong choice, 
he was allowed to remain in the end box for a s imilar 
length of time. B es ides the time meas urements ment ioned, 
errors , and number of s tem travers als between B and C 
were also  meas ured. Table II I gives the nwnber of rein­
fo rcements fo r each rat of the fo rced and non-fo rced 
groups .  
TABLE III 
NUMBER OF TRIALS FOR EACH RAT DURING 
CONDITIONING AND EXTINCTION 
Group Rat# #Trials # Re in-
Cond.  forcements 
� 
56 10 
0 hr . Dep . 56 22 
Forced 20 56 26 
26 56 18 
29 56 28 
2 28 10 
9 28 , 3 
0 hr .  Dep .  17 28 15 
Non-Forced 27 28 6 
30 28 21 
6 48 24 
14 48 24 
24 hr . Dep .  19 48 24 
Forced 22 48 24 
28 48 24 
10 24 23 
11 24 . 21 
24 hr . Dep . 12 24 22 
Non-Forced 1.5 24 19 
23  24 15 
5 48 24 
7 48 24 
48 hr . Dep . 13 48 24 
Forced 24 . 48 24 
1 24 22 
8 24 21 
48 hr . Dep .  16 24 22 
Non-Forced 21 24 21  
25 24 21 
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#Trials 
Extinc t .  
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
18 
died 
20 
20 
12 
20 
20 
20 
20 
20 
20 
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2. Non-forced group. Conditioning. The non­
forced group received two tr ials per day, both of them 
free choice trial s. In all other re spect s they were 
treated a s  the forced group. If an animal failed to 
make a choice in 10 minutes, he wa s removed from the 
maze and recorded as  "DNC " ( did not choo se) . If he 
made a choice in le s s  than 10 m inute s but did not enter 
an end box within that time, the choice t ime wa s record­
ed and h e  wa s removed from the maze. 
Extinction 
Extinction wa s the same for both group s. All 
animals were given four unreinforced trial s a day for 
five days. Total number of trial s in extinction per rat 
are indicated in Table III. The srune mea sure s were taken 
a s  in conditioning and except for the lack of reinforce­
ment and the fact that the non-forced group were run four 
trial s a day , a ll conditions were the same. Rat s were 
alway s fed a bout 15 minutes  after their la st trial. 
Animals were run at the same t ime in the evening and 
the usual light and sound conditions were pre sent. 
Re sult s 
1. Error s. For the forced group, errors are 
only counted when they occur on a free choice trial . 
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An error · is counted when an animal turns into the wrong 
ally for a distance of one body length. At this point 
a door is dropped so that the animal cannot retrace . 
Table IV gives the average error for each rat 
during conditioning and extinction . 
Figure 5 shows the distribution over days of 
errors for the forcai and no n-forced groups at each depri­
vation level . Looking at the zero deprivation groups , it 
can be seen that the forced group varie s right around a 
chance level of errors during conditioning with three 
days above chance, four days at chance, and seven days 
below chance. · If we split those days exactly at chance 
so that half are above and half below, we find for the 
14 days of conditioning that the forced group was above 
chance five times and below chance nine ti.mes. Expand­
ing ( p  +/q )
14 we find that the probability of such an 
occurre nce is approximately .44, a value too large to 
re j ect a chance hypothe sis . The non-forced O depriva­
tion group, on the other hand, is consistently above 
chance ai'ter the first two days of co nditioning . Ex­
panding the same binomial we see that the probability 
of such an occurrence is approximately . 006, a small 
enough value to reject a chance hypothesis with a high 
degree of confidence. The average error difference 
TABLE IV 
AVERAGE ERRORS PER TRIAL IN CONDI TIONING 
AND EXTINCTION 
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Group Rat Number C ondit ioning Extinc t ion 
0 hr. Dep. 3 . 43 . 20 
Forced 4 . 53 .44 
20 . 25  .40 
26 .45 . 33 
29 . 68 . 45 
Grou2 Mean •!I .� 
0 hr. Dep. 2 . 65 .55 
Non-Forced 9 . 90 . 85 
17 . 12 . 55 
27 • 7 8  . 50 
30 . 25 . 65 
Orou;2 Mean .66 .62 
24 hr . Dep .  6 . 18 . 30 
Forced 14 . 08 . 35 
19 . 04 . 25 
22 .12 . 50 
28 . 28 .40 
Grou:2 Mean • 1:£ . J6 
24 hr . Dep. 10 . 08 . 35 
Non-Forced 11 . 04 .25 
12 .13 . 50 
15 . 21 . 52 
23 . 38 d ied 
Orou2 Mean . •  17 •!I 
48 hr. Dep .  5 . 04 . 47 
Forced 7 . 15 . 30 
13 . 08 . 33 
2 4  .11 .45 
Grou2 ••!a . 10 . 39 I 
48 hr . Dep. 1 .08 . 40 
Non-Forced 8 .13 . 35 
16 . 08 . 55 
21 .13 . 30 
25 .13 . 55 
Group Me an . 11 •Y:2 
Figure 5 
Average Errors Per Trial During 
Condit ioning and Ext inct ion 
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between t he t wo groups us ing Wi lcoxon ' s non-paramet ric 
t est fo r unpaired replicat es ( 7 1 )  is not si gnificant at 
t he . 05 level. 
During ext inct ion the fo rced z ero depri vat ion 
group remains below chance fo r each of t he five days and 
the ext in ctio n  average of each rat is below chance. The 
non-forced z ero depri vat ion group , o n  t he ot her hand , 
cont inues to remain abo ve chance and each rat ' s  ext inc­
tion average is abo ve chance. Co mpa�ing t he two groups 
duri ng extinct ion using Wilco xon• s  no n-paramet ric t est 
fo r unpaired replicat es ( 71 )  sho ws t his diff erence is 
significant below the . 02 level . 
T here are no signif icant differences bet ween t he 
erro rs. of t he fo rced and non-fo rced group during condi­
tioning and ext inctio n  at t he 24 o r  48 hour depri vat ion 
level alt hough the forced group t ends to have slight ly 
fewer erro rs. Co mbining t he 24 and 48 hour groups and 
test ing fo r a significant difference bet ween t he fo rced 
and non-fo rced groups fails to yield si gnificance at t he 
. 05 level. 
2 .  T ime measures. 
a. Lat ency . Fi gure 6 shows t he lat encies of 
each group during co ndit ioning and ext inct io n. In o rder 
to t est fo r t rends early and lat e  in co ndit ioning, co m­
pariso ns between groups we re do ne fo r t he first and · 
Figure 6 
Average Lat enc y Per T rial in Sec onds During 
Condit ioning and Ext inct ion . The 
Absc issa Repre sents Days of 
Condit ioning and 
Extinc t ion 
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second half of condit ioning as well as ext inc t ion . Two 
type s of comparisons were use d .  Firs t ,  at each depriva­
t ion level the non-forced  group is  compared against the 
non-forced trials of the forced group ( trials one and 
two for the forced  groups ) .  Secondly , w ithin the force d  
groups trials one and two are compared against tr ials 
three and four . 
From Figure 6 it can be seen that the zero depr iv­
ed  non-forced group has , for every day except the first  
two days of condit ioning , a cons iderably higher average 
latency than the zero deprived forced  group . The latency 
of this  group also varie s over a cons iderably wider range . 
C omparing the forced  to t�e non-forced group dur ing the 
first  half of conditioning ( Tab le V )  shows this difference 
has a probab ility of approximately . 12 us ing the Wilcoxon 
non-parametric test . During the . second half of condi­
t ioning this  difference is s ignific ant at the . 02 leve l .  
Compar ing tr ials one and two against  trials three and 
four of the zero deprived forc ed  group ( Table VI ) we 
find no s ignificant difference for the first half of con­
dit ioning but dur ing t�e second half of condit ioning the 
force d  trials have s ignific antly higher latenc ie s ( below 
the . 05 po int us ing the usual t for correlated  means . 
Dur ing ext inc t ion there is als o  a s ignificant 
differenc e ( P  = . 05 )  between the zero deprived force d  
GrouE 
0 hr . Dep .  
Forced 
GrouE Mean 
0 hr . Dep .  
Non-Forced 
Group Mean 
24 hr . Dep .  
Forced 
Group Mean 
24 hr . Dep .  
Non-Forced 
GrouE Mean 
48 hr . Dep .  
Forced 
Group Me an 
48 hr . Dep .  
Non-Forced 
Gro!lp Me an 
TABLE V 
AVERAGE LATENCY PER TRIAL DURING 
CONDIT IONI NG AND EXT INCT ION 
Rat Av . Latency Av . Latency 
No . 1st l Cond . . 2nd I Cond . 
3 5 . 86 4. 11 
4 15 . 26 6 . 76 
20 11 . 74 4 . 69 
26 42 . 93 1 . 46 
29 3 . 93 2 . 36 
15 . 9Y: 3 . 88  
2 5 . 89 4 . 04 
9 113 . 90 46 . 96 
17 37 . 30 18 .
i
7 
27 40 .42 48 . 1 
30 9 . 48 5 . 76 
41 .�o 2y . 81 
6 6 . 47 2 . 05 
14 9 . 53 1 .49 
19 4 . 04 5 . 34 
22 19 . 64 2 . 12 
28 2 . 72 6 .  74 
8 .49 2 .�5 
10 53 . 58 3 . 75 
11 3 . 52 . 63 
12 
i -
41 1 . 08 
15 1 . 98 3 . 53 
23 4. 85 1 . 92 
11�•1 2 . 18 
5 23 . 30 1 . 02 
7 9 . 26 0 . 62 
13 4 . 01 0 . 94 
24 3 . 37 0 . 90 
9 . 98 0 . 90 
1 40 . 95 2 . 36 
8 5 . 01 0 . 53 
16 8 . 24 1 . 79 
21 3 . 20 0 . 84 
25 4. 87 1 . 02 
12 . !±5 1 . 31 
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Av . Latency 
Extinc t ion 
1 . 11 
3 . 98 
3 . 12 
1 . 09 
1 . 32 
2 . 12 
l .  7 8  
5 . 40 
12 .46 
9 . 87 
6 . 13 
7 . lJ 
10 . 2
[ 7 .5 
13 . 29 
5 . 08 
1 .  7 1  
7 • .57 
24. 72 
1 . 80 
4 .55 
4 . 03 
died 
8.78 
37 . 60 
54. 61 
6 . 85 
4 . 20 
25 . 82 
10 . 98 
1 . 18 
22 . 83 
1 . 95 
6 . 39 
8 . 67 
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TABLE VI 
AVERAGE LATENCY PER TRIAL FOR FORCED AND NON-FORCED 
TRIALS OF THE FORCED GROUPS 
Group 
0 hr . Dep .  
Forced 
Group Mean 
24 hr . Dep .  
Forced 
Group Mean 
48 hr .  Dep .  
Forced  
Group Mean 
R at 
No . 
3 
4 
20 
26 
29 
6 
14 
19 
22 
28  
5 
7 
13 
24 
First t Cond . 
Non-Forced Forced 
Trials 1-2 T s . 3-4 
6 . 94 4 . 7 8  
8 . 76 21 . 76 
12 . 66 10 . 79 
29 . 36 56 . 54 
3 . 80 4. 05 
12 . 30 19.�58 
8 . 24 8 . 58 
13 . 09 5 . 97 
i
. 18 
1 . 10 
4 . 1
i 21 . 1 
J . 98 1 . 59 
9.52 . 8 .29 
23 . 61 22 . 99 
9 . 63 8 . 88 
4 . 31 3 .  7 1  
2 . 79 4. 08 
10 . 08 9 .92 
Second l Cond . 
· Non-Forced Forced 
Trials 1-2 Ts . 3-4 
3 . 87 4. 69 . 
4. 89 9 . 29 
3 . 17 6 . 21 
1 . 36 .. 1 .55 
l .  78  2 . 94 
3 . 01 4. 94 
2 .49 1 . 62 
1 . 38 1 . 60 
1 . 79 8 . 88 
2 . 03 2 . 20 
0 . 82 o . 67 
1.70 
1 
2.99 
0 . 77 1 . 29 
0 . 54 o .  7 1  
1 . 07 0 . 99 
0 .54 1 . 35 
o .7J 1.08 
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and no n-fo rce d gro ups . 
Fo r the 24 and 48 hour de privatio n le ve ls ,  the re 
are no s ignif icant diffe re nce s be twee n the force d and 
no n-fo rced  groups and no s ignificant diffe re nce s within 
the fo rced gro up be twee n  trials o ne and two ( the free  
choice trials ) and trials three and four ( the force d 
trials ) during e ithe r  half of co nditio ning. 
The re are no significant dif fe renc e s  be twee n  the 
24 or  48 ho ur fo rce d and no n-fo rce d gro ups during e xtinc­
tion. During the las t two days of e xt inctio n o f  the 48 
hour gro up o ne rat die d so  that the sample numbe r was re­
duce d by 25% .  
b. Choice time . Choice time is de fine d as the 
amount o f  time require d  fo r the rat to go from B ( see 
Figure 4) to C and make a cho ice . Late ncy is no t part 
of this measure . Figure 7--a, b, c, shows the choice 
time s at e ach de privatio n leve l fo r the no n-fo rce d gro up, 
for trials o ne an d two fo r the fo rce d gro ups , and trials 
three and four fo r the fo rce d gro up. Three co mpariso ns 
are made . Trials o ne and two of the fo rced gro up agains t 
the two trials o f  the no n- force d  gro up, trials three and 
four of the fo rce d  gro up agains t the no n-force d gro up, an d  
trials o ne and two of the fo rce d group . agains t trials three 
and four of the fo rce d group. 
Figure 7 - -a ,  b ,  c 
Median Cho ice Time per Trial During 
Condit ioning and Ext inct ion 
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For the zero deprived rats the non-forced rats 
have much lower choice times than the forced rats , so 
much so that neither trials one and two nor trials 
three and four of the forced rats have lower choice 
times for any day of conditioning than the non-forced 
rats . ' Within the forced group trials one and two (the 
non-forced trials) have higher choice times than trials 
three and four ( the forced trials ) ,  11 out of 14 time s. 
The non-forced group shows a smooth decline in choice 
time to an asymptote and then remains at or near the 
asymptote both during conditioning and extinction. The 
forced  animals , both in conditioning and extinction, on 
the other hand , show great day to day variability and 
little evidence of reduction in choice time . 
For the 24 and 48 hour groups, the trends are the 
same. There is no difference between the first two 
trials of the forced groups ( the free choice trials) and 
the non-forced groups. After the first two or three days 
of conditioning, however , the third and fourth trials of 
the forced groups stop showing learning and rise somewhat , 
and are separated from trials one and two of the forced 
groups and from the non-forced group . For the remainder 
of conditioning the forced trials never fall to or below . . 
the level of the non-forced. trials . The slowing of the 
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forced trials of the forced group as compared with the 
performance of the non-forced group is greatest for the 
zero deprivation animals and least for the 48 hour de­
prived animals, the 24 hour group falling between these 
two groups. 
During extinction , although one rat of the 48 
hour group died, leaving only three rats , it is of inter­
est to note that two of these three refused to choose 
during the last day and one refused during the fourth 
day of extinction. None of the non-forced 48 hour depri­
vation group refused to make a choice during extinction. 
This is why the 48 hour deprived forced group shows such 
a tremendous rise in choice time during extinction. 
At each deprivation level a grand median test was 
done between the non-forced group and the forced group, 
both for trials one and two and trials three and four. 
Table VII gives the P ' s obtained at each deprivation 
level between the non-forced group and trials three and 
four of the forced group, using Fisher' s Exatt test (15) 
and also a combined P of P • s. This was done for both 
the first and second half of conditioning. There were 
no significant differences between the non-forced group 
and trials one and two of the forced group . It  can be 
seen that the forced � the non- forced trials is sig­
nificant at all levels of deprivation for the second 
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TABLE VII 
NUMBER OF ANIY.lALS AT _EACH DEPRIVATION LEVEL ABOVE AND 
BELOW THE MEDIAN CHOICE TIME OF THAT LEVEL 
First Half Cond . Second Half Cond . 
# Above # Below # Above # Below 
Group Median Median p Median Median p 
0 Hr . Dep.  
Forced Group 4 1 4 1 
Forc ed Tr ials 
. 10 . 10 
0 Hr . Dep .  
Non-Forced 1 4 l 4 
Group 
24 Hr . Dep .  
Forc ed Group 4 1 5 0 
Forced Tr ials 
. 10 
24 Hr . Dep .  
. 004 
Non-Forced  1 4 0 5 
Group 
48 Hr. Dep.  
Forced Group 2 2 4 0 
Forced Tr ials 
. 64 . 01 
48 Hr . Dep.  
Non-Forc ed 2 3 0 
Group 
p of P ' s X2
 9 . 70 24 . 66 
p of P ' s . 20 p . 10 . 001 
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half of conditioning and yield a P of P 1 s that is highly 
significant . Note that during the second half of con­
ditioning only one forced animal overlaps into the non­
forced distribution. 
c. Total-minus-choice time. This measure was 
employed to see how much of any obtained decrement in 
running time was due to the choice point conflict and 
how much was due to having to run away from a reinforc­
ing goal. Figure 8--a, b, c, shows the total minus 
choice time at each deprivation level for the non-forced 
group, trials one and two of the forced group and trials 
three and four of the forced group . Table VIII sh@wa 
the probability, using the grand median test of the non­
forced groups and trials three and four of the forced 
group falling above and below the median. 
It can be seen from Figure 8--a that for the zero 
deprived group there is some difference between the 
forced and non-forced groups but by the second half of 
conditioning this difference is small though signifi­
cant ( Table VIII ) . Unlike choice time, this measure 
shows a good drop over time and much les s  day to day 
variation. By the end of conditioning there is no 
significant difference between the forced and non-forced 
animals, regardles s of which trials are compared . This · 
Figure 8- - a , b ,  c 
Median Total-Choice -T ime per Tr ial During 
Conditioning and Extinction 
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TABLE VIII 
Nill'IBER OF . ANIMALS AT EACH DEPRIVAT ION LEVEL ABOVE 
AND BELOW THE MEDIAN TOTAL-MINUS-CHOICE 
TIME OF THAT LEVEL 
First Half Cond. Second Half Cond. 
# Above # Below # Above # Below 
Group Median Median p Median Median 
0 Hr. Dep. 
Forced Group 3 2 4 l 
Forced Trials 
.50 
0 Hr. Dep. 
Non-Forced 2 3 1 4 
Group 
24 Hr. Dep. 
4 Forced Group 3 2 1 
Forced Trials 
.50 
24 Hr. Dep. 
4 Non-Forced 2 3 1 
Group 
48 Hr. Dep. 
4 Forced Group 3 1 0 
Forced Trials 
. 24 
48 Hr . Dep. 
Non-Forced 1 3 0 
Group 
p of P ' s X2 5. 63 19.02 
p of p's . 20 . 01 
61 
p 
. 10 
. 10 
. 01 
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is also  true for ext inc ion . 
For the 24 and 48 ho ur groups , the trends are 
again the same and also s imilar to the cho ic e t ime 
situat ion .  There appe ars to be c ons istent and s i.gn ifi­
cant slowing down in the forc e d  trials . As in cho ice  
t ime ,  the slow ing is gre ater for the 24 hour group than 
for the 48 ho ur group . 
There are no signif ic ant differenc e s  betwe en the 
forced and non-forc e d  groups in ext inct ion for the 24 
and 48 hour deprivat ion groups . For reas ons ment ioned 
above , the las t two days of the 48 hour group mus t be 
cons idere d c aut ious ly . 
d .  Running time as a funct ion of drive . A non­
parame tric analys is of var iance was performe d on the tot al­
minus-cho ice time s w ithin the forc ed  and non-forc e d  groups 
to te st  the effect of drive . For the fo rced group the 
x2H dur ing the f irst half of condit ioning was 9 . 63 and 
for the second half of condit ioning was 9 . 14. For the 
non- forced group s the x2H value for t he first half of 
conditioning wa s 9 . 60 and for the second half of con­
dit ioning was 8 . 58 . At two degre e s  of free dom the se 
chi square value s are s ignific ant at be low the . 02 
leve l .  Mo s t  of this differenc e ,  however , was due to 
the zero deprive d groups and a Mann-Whitney te st  
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for the difference s be tween the 24 and 48 hour depriva­
tion drive levels fail to yield any s ignificant differ­
ences for e ither the forced or non-forced gr oup regard­
le s s  of which half of condit ioning is te sted . 
e.  Behavioral measure s . Two behavioral me asure s 
were us ed :  one was failure to  make a choice in ten min­
ute s , and the other was the number of stem traversals be ­
tween B and C in the maze ( se e  Figure 4) . If t he animal 
left the box and made a cho ice without re tracing he was 
score d as having made one B-C traver s al .  If after gett ing 
to point C he crune b�ck to po int B and then to C again, 
he has made two traversals , etc. Table IV gives  the aver­
age number of B- 0 traversals  for e ach animal and the num­
ber of DNC ' s  ( d id not choose ) for each animal . 
T able IX shows that dur ing condit ioning only ani­
mals in the zero deprive d group failed to make a choice 
within the ten minute t ime limit . Four-fifths of the 
forced animals  failed , at some t ime , to make a cho ice. 
Only one-fifth of the non-forced an imals ever failed to 
make a choice . Thi s  animal d id not fail t o  make a cho ice 
during the last s ix days of condit ioning or during ex­
tinct ion. Using the Wilcoxon non-parametric te st  for 
unpaired  replicate s , the difference is significant 
dur ing conditioning at approximately the . 03 point . 
64 
TABLE IX 
NUMBER OF FAILURES TO MAKE A CHOICE AND AVERAGE 
NUMBER PER TRIAL OF B-C TRAVERSALS 
Number Failures Average 
to Choose B-C Traversals 
Group Rat# Cond. Extine . Cond. Extine . 
0 hr. Dep . 
� 
35 15 
f 98 
4. 30 
Forced 13 5 . 32 1 . 65 
20 3 2 3 . 02 2 . 05 
26 21 0 1 . 77  1. 65 
29 0 0. 1 . 21 1. 00 
0 hr. Dep . 2 0 0 1 . 00 1 . 00 
Non-Forced 9 0 0 1 . 11 1 . 00 
17 7 0 4 . 86 1 . 65 
27 0 0 1 . 61 1 . 10 
30 0 0 1 . 07 1 . 05 
24 hr. Dep. 6 0 0 1 . 38 1 . 10 
Forced 14 0 0 1. 17 1 . 25 
19 0 0 1 . 38 1 . 05 
22 0 1 1 . 38 1 . 40 
28 0 0 1. 15 1 . 25 
24 hr . Dep . 10 0 0 1 . 00 1. 00 
Non-Forced 11 0 0 1 . 00 1 . 05 
12 0 0 1 . 00 1. 10 
15 0 1 1. 04 1 . 38 
23 0 died 1 . 00 died 
48 hr . Dep. 5 0 3 1. 02 1 . 00 
Forc ed 7 0 7 1. 13 1 . 05 
13 0 0 1 . 13 1. 00 
24 0 0 1 . 27 1 . 05 
48 hr. Dep. 1 0 0 1 . 04 1 . 04 
Non-Forc ed 8 0 0 1 . 00 1 . 00 
16 0 0 1. 00 1 . 00 
21 0 0 1 . 00 1. 00 
25 0 0 1 . 00 1 . 00 
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During extinction none of the zero deprived non-forced 
animals failed to make a choice while three out of five 
of the zero deprived forced animals failed to do so, 
for some trials. 
Considering all animals during extinction , six of 
the fourteen forced animals ( see Table IX) failed to make 
a choice at least once, while only one out of fourteen 
animals of the non-forced animals failed to make a choice. 
Comparisons of the forced and non-forced animals '  
number of B-C traversals  in condition ing using Wilcoxen • s  
non-parametric test for groups of unpaired replicates show 
that the forced animals traversed significantly more at 
well below the . 01 point. 
During extinction this difference tends to be 
maintained but just fails to reach the . 05 point of s ig­
nificance. 
Discus s ion 
Running time. Although it was predicted that the 
results of forcing on time scores would be detrimental 
and would have different effects at different depriva­
tion levels the direction of this effect was opposite 
that which was expected . It was felt that the emotional 
concomitants of forcing would be greatest for the 48 
hour hungry rats when they were forced to run away from 
food and consequent ly they were expect ed to  show the 
great est slowing during the for ced trials. However, 
they showed the least and the non- deprived animals 
showed the great est effect s not only in t ime measures 
66 
but in behavioral measures. The situat ion is evident ly 
more complex than it appears to be at first glance. 
Looking at the error result s of the non- deprived animals 
gives us a good lead for part of th e explanation. We  
find that t he non-forced non-deprived rats showed error 
scor es significant ly above a chance level of . 50 .  This 
in it self is not surprising since each animal' s " corr ect " 
side was defined as the side opposit e it s position prefer­
ence. Aft er the first two days, in which the animals 
probably were exploring the maz e, the non-forced group 
went consist ent ly to  their  preferred sid e more oft en 
than t heir non- preferred side. Forcing, on th e other 
hand, seems t o  break up this habit and put the animals 
at a near chance level of responding as far as errors 
ar e concerned . This seems, j udging by  their react ions, 
t o  be behavioraly disturbing t o  the rat as indicat ed by 
his cho ic e time. Sinc e th e t ot al-minus-choice time 
shows a gener al trend very much like that of the non­
forced rat we can assume that it is the ch oic e point 
conflict and not the running away from the preferred 
side that is important in the non-deprived case. The 
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importance of the position preference in non-deprived 
rats was shown by a test which was run in order to de­
termine if hunger itself breaks up a position habit. It 
was found that 18 out of 20 hungry rats alternated their 
first and second choice in the T-maze while only three 
out of ten satiated rats did. For the non-forced ani­
mals, the reinforcement from going to a position prefer­
ence is greater than any reinforcement value the food 
may have even though the rats were often observed sniff­
ing the food and occasionally eating . 
In considering the results of the non-deprived 
animals, the extinction must be considered as an exten­
sion of the conditioning or learning since presence or 
absence of food appears to be unimportant in both . If 
the extinction phase is considered as conditioning , it 
will be seen that the choice time for the forced animal 
is still elevated while the total-minus-choice time is 
now at the level of the non-forced an imals. 
Latency. The results of the latency times for 
the non-deprived forced and non-forced group was unex­
pe cted. Latency is usually considered to be positively 
correlated with running time. Hall and Kobrick ( 20) 
reported a correlation of .45 , yet here we have the 
gr·oup with the highest runn ing time having the lowest 
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latency. Comparing the forced to the non-forced trials 
within the forced group indicated that forcing tended to 
make latencies higher but the forced latencies are still 
considerably lo�er than the non-forced groups' latenc ies. 
A possible explanation for this discrepancy lies in the 
differential between total number of trials for the krced 
and non-forced group, and the former having twice as many 
trials as the latter. Since dur ing the last part of con­
ditioning (the "extinction " period ) this difference be­
comes smaller though still significant, this hypothesis 
is likely. 
Since position preference is probably not important 
in the deprived animals one would still expect the 48 
hour deprived animals t·o show greater effect from being 
forced away from food than the 24 hour group. One pos­
sible explana tion of why this was not so is suggested from 
the activity study previously reported in this paper. It 
was then suggested that hunger may actually cause a de­
crease in non-locomotory behav ior and an increase in loco­
motion. If this is so then we might expect the 48 hour 
hungry animals to run faster, even when going away from 
food, than the 24 hour hungry rats. Although one of the 
48 hour rats died during extinction, there is strong 
evidence that during conditioning some sort of emotional 
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effect  was be ing built up from be ing forc ed to run away 
from food s inc e in the later stage s of ext inction two of 
the se  animals refused to make a choice and j ust s at at 
the choice po int even though they were not be ing forced  
during ext inc t ion. This  behavior was  s imilar to  that of  
the zero-deprive d forc ed  animal s during condit ioning . 
Cons idering the effe ct  on running t ime and the 
behavior of the non- de prived forced rat s ,  it would ap­
pear that this forc ing technique is a poor one to use 
with sat iated or non-hungry rat s . 
O f  the studie s ment ioned e arl ier us ing forc ing ,  
several us ed  sat iated or ne ar s atiate d groups . T e e l  and 
Webb ( 66 )  ran rat s  hungry in a maze for four trials , 
then s at iated them and gave them two more tr ials . Trial s  
three and four were forced and the se cond s at iated tr ial 
( trial s ix for the day)  was also forc ed . They found 
that the animals did as well in choos ing the corre ct 
s ide when sat iated as they did when the y were hungry. 
S ince the data pre s ented  in the pre s ent study indicated 
that it  is  behavioraly disturbing for the animal to be 
force d ,  Tee l • s re sult s could be explaine d by as suming 
that the animal on his first  s at iat ed trial is  not re ­
sponding to the corre ct s ide but avoiding a behavioraliy 
disturb ing stimulus . In other words , the ir re sult s c an 
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be explained on the basis of forcing. 
In another experiment , Teel ( 65 )  ran rats at 1 ,  
1 ,  15 , and 22 hours food deprivation in a T-maze, using 
the above forcing technique. He found no differences 
in learning or extinct ion for any group using errors as 
a criterion. He reports no difficulty in having the one 
hour deprived rats run but reports no times or how often 
a rat was removed from the maze for failure to finish. 
Had he used non-forcing procedures , it is quite likely 
that the one hour group at least would have been poorer 
at learning even by his criterion than the other depri­
vation levels. 
Looking at the latent learning or incidental learn­
ing experiments we find a very interesting th ing. Latent 
learning exper iments in which the animals are satiated 
for both food and water will show latent learning when 
later motivated for either food or water. Seward ( 47 ) , 
Spence (60) , and Kendler ( 27) have all gotten this re­
sult. Latent or incidental learning is also obtained 
when the animal is strongly motivated for both objects 
in the conditioning situation. Kendler ( 28) and Tolman 
( 64 )  got latent learning when the motivation for the 
pertinent and non-pertinent reinforcement were equal. 
In all experiments in which drive for the pertinent 
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reward i s  strong and reward i s  given and the drive for 
the incidental reward i s  weak no significant evidence of 
latent learning i s  obtained. Since the present study 
indicates that satiated animal s may have diff iculty from 
the forcin·g procedure, it  would appear that forcing 
should be used, if at all, with moderately motivated 
animal s. 
In such a situation only errors or free choice 
t ime should be measured. If the motivation i s  great , 
the present study sugge st s that there will re sult some 
sort of behavioral di sturbance during ex tinction. 
In straight learning experiment s forcing seems to 
be a doubtful tool. If we are trying to compare animal 
learning to human learning we should not use a technique 
which forces the organism to do the wrong thing since 
thi s i s  seldom if ever done in human learning. From a 
standpoint of experimental economy the technique i s  also 
poor in that it in no way improves the learning and takes 
more than twice as  long as  non-forcing procedure s to run 
each rat. 
In examining Denny' s studie s on the role of 
" secondary reinforcement" when the animal goe s to the 
wrong side, there appears to be nothing in thi s pre sent 
study to suggest that hi s use of forcing i s  invalid or 
may cause diff icultie s. However he does not report his 
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extinction data. Siegel ' s  use of forcing to equate 
initial response strength also appears valid. 
Two factors still need investigation in this 
area. The first is the effect of forcing over very 
long periods of conditioning at widely different drive 
levels and the shape of the extinction curve if carried out 
over a greater number of days than was done in this study. 
There is evid ence to suggest that this may yield a curve, 
espec�ally at high hunger levels, which shows great decre­
ment and then falls back to a point indicating normal 
extinction. 
Summary 
Two groups of rats , matched for age, sex, and 
activity , were u sed. One group was run four times a day 
and was forced on the last two trials to go in the di­
rection opposite that �en on the f irst two trials. 
The other group had two free choice trials a day. 
Each group was divided into three  sub groups of zero, 
24 , and 48 hours food deprivation. The zero group was run 
for 14 days, the 24 and 48 hour groups were run for twelve 
days. The correct side of the T-maze for each rat was op­
posite its position preference. After conditioning, the 
rat s were given four extinction trials a day for five days. 
These were all free choice for all groups. Measures 
used were errors, latency, time to make a choice and 
total running time minus choice time, stem traversals, 
and failure to choose . 
7 3  
It was found that the forcoo group had lower 
latencies than the non-forced group for the zero de­
prived rats. The 24 and 48 hour hungry animals, forced 
and non-forced groups were not significantly different 
as far as errors are concerned. The non-�ungry non­
forced group had consistently above chance errors and 
the forced non-hungry animals fluctuated at chance. 
In choice time and total time minus choice time, 
the forced trials of the forced animals at all depriva­
tion levels were slower than the non-forced animal. This 
effect for choice time was greatest for the zero deprived 
forced group and least for the 48 hour deprived forced 
group as compared with the non-forced control groups. 
In total-minus-choice time, the zero hungry rats showed 
little effect of forcing but the 24 and 48 hour forced 
group showed a significant and consistent effect for 
their forced trials with the 24 hour group showing the 
greatest slowing. 
In two behavioral measures, failure to make a 
choice and number of traversals between the start box 
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and choice point, the forced non-hungry animals were 
significantly higher than the non-forced zero deprived 
animals. Forced animals at all levels of deprivation 
showed significantly more traversals on all trials be­
tween the start box and choice point than non-forced 
animals. 
It was suggested that a forcing technique should 
only be used when the animals are not sa tiated and never 
used in a straight T-maze learning situation since it is 
t ime consuming, gives no advantage in speed or learning, 
and signiricantly increases running time. For certain 
latent learning situations, it appears to be a valid 
technique at moderate motivational levels. 
CHAPrER IV 
THE RELATIONSHIP BETWEEN ACTIVITY 
AND MAZE PERFORMANCE 
It has been previously pointed out in thi s paper that 
one should try to specify what type of activity is being 
measured before much sen se can be made of the effect of 
the independent variable s used. If we were interested 
in the relationship between activity and some other re­
sponse of the rat, such a s  maze performance , we would 
want to determine on an a priori basis what element the 
two situations have in common. M aze learning involve s 
two ea sily discernible re sponse s in the white rat : run­
ning and, at one or more point s, choice of direction. 
Con sidering the first re sponse, running, and its rela­
tionship to activity, one would naturally wish to deter­
mine what activity one i s  dealing with. If the activity 
i s  measured on an activity wheel, we can be fairly sure 
that we are dealing with activity of a locomotory nature . 
If , on the other hand, the activity wa s measured on the 
types of stabilimeters used in the second chapter of 
thi s paper, we have some evidence to believe that we 
are dealing with a mixture of locomotory and non-loco­
motory activity with more emphasis  on locomotory activity 
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with the microswitch apparatus and more emphasis on the 
non-locomotory using the contact apparatus. 
If these assumptions hold, then it should be pos­
sible to make some guesses as to the relationship between 
these various kinds of activity and maze performance . 
They are as follow: 
1. The higher the activity on an activity wheel, 
the faster the running in a maze. 
2 .  The higher the activity in the sensitive sta-
bilimeter of the contact type used in this paper, the 
slower the running time .  
3 . The relationship between the activity measured 
on the microswitch apparatus and running time should fall 
somewhere between 1 and 2. 
4. If we assume fast running times go with rapid 
learning in terms of error ( 1 ) scores .then we should ex­
pect the same relationships to hold as far as errors are 
concerned . 
These relationships will be considered as the hy­
potheses for this chapter . 
Shirley ( 49 )  has anchored the values for us in 
regard to activity wheels and running times in a maze . 
The maze that she used is somewhat more complex than the 
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T-maze used  in this paper but she reports sati sfactory 
odd-even reliability .with it . If  we cons ider that high 
act ivity go ing with low running time s i s  a pos it ive cor­
re lation, she found , in two s eparate studie s ,  corre la­
tions of + . 40 and + .46 re spect ively between act ivity 
and running t ime . L igon ( 36 )  also found a correlat ion 
between running time and ac t ivity of + .46 .  He doe s not 
report on correlations between act ivity and errors ,  but 
Anderson ( 1 ) got a correlat ion of + . 357 . 
Us ing Anderson ' s and Shirley ' s  value s as a base  
from which to e st :unate the area  of correlat ions between 
the two type s of apparatuse s  used  in this paper , we can 
gue s s  that the corre lat ions between the micro switch ap­
paratus and running time will be ne ar zero but pos s ibly 
low po s it ive . The correlation between the c ontact ap­
paratus and running t ime will also be low but in a nega­
t ive direct ion . The s ame general e st imate s are made in 
regard to errors .  
Method 
The rat s  used in this s tudy are the s ame one s 
us ed in the second and third part of  the act ivity study 
reported  in this paper . The se were also  the same rats 
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use d  in the T -maze forcing e xpe rime nt . This chapt e r  
me re ly at tempts  to co rre late the findings o f  chapte r 
two and three . The rats me asure d fo r act ivit y on the 
micro -switch machine s comprise d the no n- fo rce d gro up 
and the rat s me asure d on the co nt act machine s comprise d 
t he fo rce d gro up. Since forcing itse lf had a gre at e f­
fe ct on ce rt ain me asure s o f  running time in the maze 
o nly total minus cho ice t ime is use d fo r the fo rce d 
rats as a me asure o f  running in the maze and o nly the 
first two t rials o f  e ach day are use d. The othe r me as­
ure o f  running in the maze is latency . Errors are the 
third maze me asure to be co rre late d  with activit y .  All 
co rre lations are done with the rank o rde r metho d  since 
the numbe r o f  animals is small. Since it may we ll be 
that act ivit y is mo re re late d to running t ime e arly in 
maze le arning, the me asures  use d  fo r running t ime are 
conside re d fo r the first and second h alf o f  co nditioning. 
It is re grettab"h that the numbe r o f  animals is so small 
fo r co rre lat ional analysis and the re sults must be in­
te rpreted with caut io n  and are o f  an exploratory nature 
o nly .  
Result s 
T able X give s the rank orde r corre lations between  
activity  and the various me asures use d  in the maze st ud y • 
• 
Maze 
TABLE X 
RANK ORDER CORRELATIONS BETWEEN ACT IVITY AND 
THREE MEASURES OF MAZE PERFORMANCE 
Aotivitl AEE&ratus 
Act ivity Wheel 
( Shirley ' s  and 
Anderson ' s  Micro switch Contact  
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Measure re sult s )  Stab ilimeter Stabilimeter 
Errors + . 357 - . 05 - .44 
Running T ime + . 40 , + . 46 
First Half 
Cond . - . 10 - . 50 
Second Half 
C ond . - . 22 - . 28 
Latency 
First Half 
Cond . + . 26 + . 05 
Second Half 
Cond . + . oo - . 24 
All rankings in the maze studies were done so that the 
lower the time or the lower the average error, the 
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lower the rank. For activity, the higher the activity, 
the lower the rank so that a rank of one in any maze 
measure indicates fastest learning, and a rank of one 
in activi_ty indicates that this animal was the most 
active. It can be seen that the three groups ( including 
Shirley 1 s and Anderson 1 s study ) fell in the order pre­
dicted for running time and errors, and that the two 
groups considered in this paper fell in their predicted 
position on the other measures. 
Discussion 
Omwake ( 41) and Liddell ( 35) have also done ex­
periments in the area of relating activity to maze per­
formance. Their results, however, are of little use 
because of the method in which the data was treated be­
cause of certain methodological considerations. O mwake, 
for instance, used a very complex maze in which animals 
were given only two trials , the second trial being the 
trial correlated to activity. Learning is defined by 
the amount of time needed to find the reward and activity 
is defined by number of errors per minute. She reports 
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a corr elation of . 71 be tween activity and learning but 
s ince the activity meas ure is defined in ter ms of maz e 
perfor mances , this r elationship is not surpris ing , in­
capable of being interpreted , and is of little us e. To 
further contaminate the results , rats who did not finis h 
within a certain time were not counted . 
Liddell ( 3�)  us ed pedometers to measure the ac ­
tivity of s heep and correlated this with running time 
in a moderately complex maz e. Although he gives no 
correlation coefficients and reports that he obs erved 
littl e  relationship between maz e learning and activity , 
he did find ,  in twin sheep , 60-70% of the more  active 
twins were fas ter in the maz e. 
Geitr an d To lman ( 17) did an interes ting s tudy  
tr ying to deter mine the relationship, in a s traight 
runway maz e, between activity and dis tance from the 
goal. They us ed a s traight runway maz e, 24 feet in 
length with five activity wheels spaced equally and 
trans ecting the runway at right angles . As the rat 
proceed ed down the runway he would enter the wheel and 
remain in it for one minute. The wheel then s topped 
and the rat proceeded down the runway until he crune to  
the next wheel. The rats were  at an " average hunger . " 
The general s hape of the function of activity an d  
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distance to the goal was bowed ; at the beginning of 
learning, the greatest  activity was at the fourth 
wheel ( the one second from the goal ) and as learning 
progres sed, the third and then the second wheel showed 
the most activity. Geier and Tolman call th is rest­
les s  activity ignoring its locomotory nature and also 
the fact during this experiment which lasted for 45 
days , the rats ' total activity increased, showing a 
negatively accelerated learning curve. Activity went 
from 400 revolutions a day at the beginning of the ex­
per iment to 1300 revolutions a day at the end. Their 
results would indicate that rats learn to be active at 
about the same rate that they learn to run the maze, 
that is, as running times decrease, activity increases. 
Thi s would suggest that correlations between activity 
wheel measures and running speed in a maze may not be 
only due to the common element of running, but also, 
if activity on an activity wheel is  learned to some 
extent, it can serve as  an indication of ability to 
learn in other s ituations. 
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Summary 
This chapter has been a correlational analysis 
of the behavior of the second group of rats used in the 
activity and T-maze study. Correlations were done be­
tween three measures of maze performance (running t ime, 
latency, and errors) and activity. It was predicted 
that the more a given apparatus measured locomotion, 
the higher the correlations would be between activity 
and maze learning . Using a study of Shirley ' s  and 
Anderson ' s  as part of the estimate, and the two ap­
paratuses reported in this paper, the predicted trends 
were obtained. Because of the small number of an imals 
used in this paper, however, caution is advised in in­
terpreting the obtained correlational coefficients. 
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APPEliDICES 
APPENDIX A 
INDIVIDUAL RAT ACTIVITY DATA EXPRESSED IN 
STANDARD DEVIATION UNITS 
CONTACT APPARATUS, PARTS ONE AND TWO OF EXPERIMENT I 
Rat Pre -Deprivation A ct ivity in Pos t-De pri vation A ctivity in 
Numbe r* s . D. Units , Three Day A ve rage S . D. Units , Three Day Ave rage 
Zero De privat ion Group , Part O ne 
Days Days 
1-3 4-6 7-9 10- 12 13- 1.5 X 1-3 4-6 7-9 10-12 x 
4 F  1 . 21 . 60 1 . 31 • 7 3  1 .
%
7 1 . 06 1 . 03 1 . 01 1 • .51  1 . 19 1 . 19 
9 F 2 . 21 2 . 06 2 . 10 1 . 17 1 .  6 1 . 88 1 . 83 1 • .52 1 . 81 1 . 53 1 . 67 
15 F 1 . 53 2 .  78 2 . 13 1 . 40 1 .41 1 . 8.5 . 83 1 . 16 1 . 98 1 . 38 1 . 34 
17 M 1 • .59 1 . 60 1 . 15 1 . 38 1 . 63 1 .47 . 94 1 . 61 1 . 58 1 . 21 1 . 34 
22 F 1 . 91 1 . 64 1 . 22 1 . 38 1 . 84 1 . 60 1 . 23 1 .46 1 . 58 1 . 22 1 . 37 
2.5 F . 97 1 . 77 1 . 74 1 . 7 8 2 . 33 1 . 72 1 . 33 1 . 61  1 . 87 1 . 6.5 1 . 62 
56 M . 71 1 . 01 . 34 . 9 1 , . 97 • 79  1 . 04 1 . 33 1 . 68  . 95 1 . 2.5 
28  F 1 . 83 . 90 1 . 34 1 . 81 1 . 55 1 . 49 1 . 3.5 1 .56 1 . 61 1 . 05 1 . 39 
30 F 1 . 61 1 . 32 1 . 83 . 99 1 . 5.5 1 .46 1 . i8 1 . 63 1 . 94 2 . 38 1 . 86 
lOH M 1 .44 1 .51 2 . 17 J .48 2 .59 2 . 24 1 .  0 1 . 46 2 .48 2 . 36 2 . 02 
Zero De privat ion Group , Part Two 
3 M 1 . 23 . 92 . 77 . 91 . 76  . 92 . 70  1 . 12 2 . 13 1 . 18 1 . 28 
4 F  1 . 06 . 91  . 53 . 37 • 73 . 72 . 27 . 88 1 .50 . 51 . 79 
20 M 2 . 22 1 . 63 2 . 29 1 .  70 1 . 84 1 . 94 . 97 1 . 8.5 1 . 18 1 . 19 1 . 30 
26 M . 72 1 . 20 . 61 . 94 . 87 . 87 . 63 1 . 33 1 . 67 1 . 84 1 . 37 
29 F . 56 1 .4.5 1 . 64 1 . 69 1 . 02 1 . 27 1 .57 1 . 43 1 . 03 2 . 01 1 . 51  
* F- -Female ; M--Male . 
I 
CONTACT APPARATUS, PARTS ONE AND TWO OF EXPERIMENT I 
Rat Pre -Deprivat ion Activity in Post Deprivation Act ivity  in 
Number* S . D. Units ,  Three Day Average S . D. Unit s ,  Three Day Average 
24 Hour Deprivat ion Group , Part One 
Days Days 
1-3 4-6 7-9  10- 12 13- 15 X 1-J 4-6 7-9  10- 12 X 
2 F . 76 . 86 1 . 01 . 6.5 1 . 08 . 87 . 7 6 . 73 1 . 18 1 . 09 . 94 
3X F 1 . 72 1 . 33 1 . 25 2 . 16 1 . 10 1 • .51 .43 . 62 1 . 69 1 . 09 . 96 
3 M 1 . 06 1 . 33 1 . 12 1 . 72 1 .56 1 . 36 1 . 33 1 . 21 1 . 26 1 . 61 1 . 35 
8 F • .51 2 . 06 .54 1 . 67 2 . 66 1 . 49 1 . 10 . 64 1 . 08 2 . 12 1 . 24 
16 F 1 .  7 3  1 .59 1 . 70  1 . 6.5 1 . 84 1 .  70  1 .57 1 . 66 2 . 10 1 . 45 1 . 70 
18 ;M 1 . 66 2 . 36 2 . 31 1 . 38 1 . 66 1 . 87 . 83 1 .48 1 . 80 2 . 18 1 • .57 
19 F 1 . 41 1 . 78 1 .55 1 . 2.5 2 . 80 1 . 76 1 . 06 1 . 7 8  1 . 83 1 . 22 1 .47 
23  F 1 . 33 1 . io 2 . 07 1 . 33 1 .52 1 .53 1 . 09 1 .47 1 . 65 1 . 36 1 . 39 
29 M 1 . 21 • .5 1 . 00 . 85 1 . 00 . 98 . 85 . 50 1 . 14 1 . 12 . 90 
34 F 1 . 77 2 . 49 1 . 55 1 . 37 1 . 18 1 . 67 1 . 36 1 . 86 1 . 67 2 . 0.5 1 . 73 
24 - Hour Deprivat ion Group , Part Two 
6 F 1 . 39 . 96 1 . 85 1 . 20 . 58 1 . 20 . 81 1 . 26 . 95 1 . 01 
14 F 1 .50 2 . 01 1 . 33 1 . t;6 1 .55 1 .59 .57 1 . 14 . 81 . 84 
19 M 1 . 03 . 99 . 87 1 . 00 . 81 . 94 . 41 1 . 82 . 67 . 96 
22 M . 95 . 95 . 83 . 64 . 86 . 85 .56 · 1 . 17 .54 . 76 
28 F . 63 . 92 . 61 . 60 . 98 . 75 .42 • 78 . 55 . 58 
* F--Female ; M--Male . 
I 
'° 
\.1\ 
CONTACT APPARATUS, PARTS ONE AND TWO, EXPERIMENT I 
Rat Pre-Deprivat ion Activity in Po st-Deprivat ion Act ivity in 
Number* S . D. Unit s ,  Three  Day Average S . D. Unit s ,  Three Day Average 
48 Hour Deprivation Group, Part One 
Days Days 
1-3 4-6 7-9 10-12 13-15 X 1-3 4-6 7-9 10-12 X 
5 M 1 . 02 1 . 98 1 . 39 1 . 80 1 . 76 1 . 59 . 79 . 59 . 85 . 78 . 75 
7 F 1 . 75 2 . 51 2 . ?� 1 . 37 1 . 97 1 . 19 1 . 14 1 . 76 1 . 91 . 1 . 50 
12 M . 99 1 . 62 1 . 59 1 . 59 1 .45 1 . 00 . 86 1 .47 . 87 1 . 05 
13 F 1 . 69 2 .  78 1 . 95 2 . 68 2 . 33 2 . 29 . 89 . 66 1 . 04 . 62 . 80 
14 M . 63 . 86 . 87 1 . 28 . 91 1 . 86 1 . 58 1 . 30 . 95 1 . i2 20 F 1 .42 2 . 41 2 . 22 2 . 20 2 . 06 2 . 16 1 . 66 1 . 92 1 . 76 1 .  8 
21  F . 93 . 64 1 . 15 1 . 17 1 .49 1 . 08 1 . 62 1 . 07 1 . 60 . 97 1 . 32 
4H M 1 .58 . 91 1 . 98 1 . 49 1 . 36 1 . 27 1 .54 . 49 1 . 17 
9H F 1 . 19 1 . 07 1 . 48 1 . 25 1 . 07 . 89 1 . 40 . 59 . 99 
34H F 1 . 84 1 . 00 2 . 45 1 . 76 1 . 92 1 . 84 1 . 32 1 . 11 1 . 55 
48 Hour Depr ivat ion Group , Part Two 1-3 4-6 1 X 
5 M . 97 . 98 . 1i 
. 60 . 99 . 86 . 86 . 15 . 28 . 55 7 F 1 . 71  1 . 26 1 . 1  1 . 25 2 . 25 1 . 53 . 83 . 49 1 . 28 . 87 
13 M 1 . 10 . 91 . 79 .54 • 7 6  . 82 . 87 . 68 . 89 . 81 
18 F . 97 1 . 24 . 65 .54 . 87 . 85 . 38 . 45 . 95 . 66 
24 M 1 . 00 1 . 01 . 54 1 . 37 1 . 05 . 99 1 . 12 . 92 . 95 1 . 00 
* F--Female ; M--Male . 
I 
....0 
O' 
Rat 
Number* 
1 F 
5 M 
6 F 
11 F 
13 F 
27 F 
31  M 
32 F 
33 F 
27H M 
* 
CONTACT APPARATUS , PART ONE, EXPERIMENT I 
Pre-Deprivat ion Act ivity in 
S . D. Unit s ,  Three Day Average 
72 Hour Deprivat ion Group , Part One 
Days 
1-3 4-6 7 -9 10-12 13-15 
. 60 • 71 1 . 59 1 . 21 . 71  
1 . 02 1 . 98  1 . 39 1 . 80 1 . 76 
1 . 21 1 . 85 2 . 25 1 . 11 3 . 08 
1 . 32 1 . 53 1 . 69 1 . 13 1 . 92 
1 . 69 2. 78  1 . 96 2 . 51 2 . 33 
1 . 08 1 . 31 1 . 11 1 . 11 1 . 74 
1 . 14 1 . 04 .44 • 78  1 . 16 
1 . 77 1 . 83 1 . 39 1 . 65 1 .47 
2 . 09 1 . 82 1 . 23 1 . ia ' . 1-3 
. 98 . 58 . 67 1 . 68 . 61 
F--Female ; M--Male . 
X 
. 96 
1 .59 
1 . 90 
1 . 52 
2 . 25 
1 . 27 
. 91 
1 . 62 
1 .43 
. 90 
Post-Deprivat ion Activity in 
S. D.  Unit s ,  Two Day Average 
Days 
1-2 3-4 X 
. 45 1 . 15 . 80 
. 69 . 96 . 83 
1 . 85 1 . 11 1 . 48 
1 . 60 2 . 59 2 . 09 
1 . 22 1 . 92 1 .57 
. 66 1 . 62 1 . 14 
1 . 02 . 7 8 . 90 
1 . 70 1 . 90 1 . 80 
. . 6, 2 . 01 1 . 32 
. 1  1 . 01 . 88 
'° 
-.J 
Rat * 
Number 
2 F 
9 M 
17 F 
27 M 
30 F 
10 M 
11 M 
12 F 
15 F 
23 F 
1 M 
8 F 
16 F 
21  M 
25 M 
MICROSWITCH APPARATUS , PART TWO, EXPERIMENT I 
Pre-Deprivat ion Ac t ivity in Po st-Deprivat ion Act ivity in 
S. D. Unit s ,  Three Day Average S . D. Unit s ,  Three Day Average 
Zero Deprivat ion Group 
Days Days 
1-3 4-6 7-9  10-12 13-15 X 1-3  4-6 7-9 10- 12 X 
1. 52 1 . 12 1 .  7 1 1 .43 1 .45 1 .45 1 . 18 1 . 17 1 . 39 1 . 11 1 . 21  
. 77 . 82 . 65 1 . 04 . 89 . 83 . 91 . 7 3  . 63 . 28 . 64 
1 . 15 . 95 1 . 32 . 56 . 63 . 92 1 . 08 1 . 18 1 . 15 . • 84 1 .06 
1 . 26 1 .41 
. 1i . 87 . 99 1 . 05 . 53 . 80 1 . 01 . 88 . 81 .41 1 .44 1 . 7  1 . 63 2 . 24 1 . 50 1 . 33 1 . 44 . 87 1 .41 1 . 26 
24 Hour Deprivation Group 
1 . 08 . 90 • 71 1 . 0� . 88 . 92 .54 . Bo • 72 . 69 
. 60 • 7 3  . 57 . 5  1 . 04 • 70 . 82 . 96  . 72 . 83 
1 . 06 . 88 1 . 14 . 50 1 . 49 1 .01 1 . 08 . 84 . 94 . 95 
1 . 37 2 . 09 1 . 08 1 . 21 1 . 69 1 . 49 . 88 1 . 20 1 . 29 1 . 12 
. 83 . 42 . 52 . 64 . 87 . 66 . 69 . 81 . 85 • 7 8 
48 Hour Deprivat ion Group 
4-6 X 1-3 7 
. 92 1 . 15 . 81 . 48 . 91 . 85 . 49 . 69 . 60 . 59 
1 . 32 1 . 37 1 . 01 . 83 1 .47 1 . 20 . 75 . 99 1 . 22 . 99 
1 . 52 1 . 23 . 97 1 . 18 1 . 30 1 . 24 1 . 31 1 . 21 1 . 85 1 .46 
. 64 1 . 30 1 . 16 1 . 03 . 93 1 .01 . 76 1 . 39 . 96 1 . 04 
. 66 . 80 . 67 1 .06 . 64 . 77 1 . 06 . 60 . 30 . 65 
*F--Female 2 M- -Male . 
� 
co 
APPENDIX B 
INDIVIDUAL RAT CONDITIONING AND 
EXT INCT ION TIME MEASURES 
ZERO DEPRIVATION GROUP, NON-FORCED 
Rat 
No. - �1 - - 2 �-- 3 4 5 6 7 5--- - 9 10 11 - - --12 -13 
Dazs 
Average Tot al-Minus-Choice  Running Time in Se conds, Conditionin g  
2 14. 5 20 . 0  42 . 0 7 . 5  145 . 0 158 . 5 47 . 0  32 . 5 8 . 5  13 . 5  3 .5 5 . 0 6 . o  
9 3i- 5 103 . 0  2 . 0  DNS* 22 . 0  6 . 5  2 . 5 2 . 0 1 .5 1 . 0  2 . 0  1 . 0 2 . 5 
17 17 . o  312 . 5  287 . 5  199 . 0  74. 0 DNC DNC 15. 0 47 . 0 82 . 0  55 .5 9 . 0  8 . o 
27 189 . 0 85 . 0 47 . 5 17 . 0  1 .5  2 . 0 0 . 5 1 . 0  1 . 5  1 . 5 8 . o 57 . 0 78 . 5 
30 361 . 5  308 . 0 7 5 . 5  11 . 5 316 • .5 178 . 5  172 . 5 90 . 5 46 . 5  .51 . 0  33 . 0  13 . 5 78 .5 
Average Choice Running Time in  Se conds, Conditioning 
2 12 . 0  8 . 0  13 . 5 7 . 5  12 .5 9 . 0 10 . 0  10 .5 8 . o 1 . 0 6 . o  15 . 5 8 . o  
9 29 . 5 139 . 0 151 . 0  DNS 136 . 0  37 . 5 13 . 0  4 . 0 4. 0 5 . 5 11 . 0  5 .5 15 . 5 
17 406 . 0  266. 0 204. 0 401. 0 205 . 0 600 . 0  600 . 0  590 . 0  333 . 5 80 . 5 29 .5 50 .5 64. 0 
27 104. 0 75 .5 83 . 0  157 . 5 55 . 5 20 . 0  28 . 0 37 . 0  13 . 0  6 . 0 7 .5 8 . 5 20 . 0 
30 62 . 0 25 .5 15 . 0  15 . 5 12 . 0 15 . 0  23 . 0 21 . 5 9 . 5 8 . 5 9 . 5 13 . 5 17 . 0  
Average Latency in Se conds , C ondit ioning 
2 4 . 9 5 . 3 7 .4 5 . 7 5 . 0 5 . 6 7 . 4  7 . 6  2 . 4 2 . 8  2 . 9  2 . 1  3 . 7 
9 16 . 4 30 . 8  180 . 0 180 . 0  178 .4 100 . 0  111 . 6  180 . 0  77 . 9 13 . 98 29 . 6  9 . 72 4 . 4 
17 15 . 8 21 . 6  59 . 3 23 . 0  48 . 6 i1 . 1 45 . 7 29 . 9  11 . 8  40 . 0  t·
5 18 . 6  15. 3 
27 11 . i 11 . 7 53 . 0 21 . 3  53 . 8 6 . 6  39 . 1  139 . 6  38 . 08 2 . 6  3 . o 4. 7 55 .4 
30 28 . 11 . 5  6 . 6  6 . 6  4. 2  4. 0 5 . 0 2 . 5 4. 5  3 . 1  2 . 8  2 . 6  10 . 2  
Did not s tart .  
llf: 
4.5 
3 .5 
5 . 0 
3 . 0  
60. 0 
9 . 0  
8 . 5  
70 . 0  
21 .5 
53 . 0 
6 . 8 
13 . 3 
9 . 2 
67 . 4 
14 . 5 
.... 
0 
0 
Rat I No . 
2 
9 
17 
27 
30 
2 
9 
17 
27 
30 
2 
9 
17 
27 
30 
ZERO DEPRIVATION GROUP, NON-FORCED 
Dais 
1 2 3 4 5 
Average Total-Minus-Cho i ce Run ni ng Time in Se conds , Ext inct io n  
2 . 2 2 . 8  4 . 8 5 .5 5 . 8  
3 .0 1 . 5  2 . 0  5 . 5 5 . 2 
8 . 5 5 . 8 3 . 8 6 . 2 4 . 8  
4 .0 4 . 2 3 . 8 7 . 0 4 . 5 
41 . 8 14. 5 31 .0 15 . 2 19 . 2 
Average C hoice-Mi nus -Late ncy Running Time in Seconds , Ext inct ion 
6 .5 5 . 8 12 .5 4. 2 5 . 0 
13 . 8 16 .0  11 . 2 12 . 5· 12 . 0  
59 . 8 36 . 0  13 . 0 62 . 0  66 . 0 
6 .5 4 . 5 13 . 5 8 . o 1,5 . 8  
8 .5 5 . 2 8 . 2  9 .5 8 .5 
A ve rage Latency in Se co nds , Ext inction 
1 .0  0 . 7 4. 6 1 . 9  o . 8  
4.7 4. 8 5 . 8 2 . 9 8 . 7 
20 . 7 15 . 1 3 . 5  3 . 9 19 . 0  
6 . 1 1 . 8 6 . 9 6 . 2  28 . 3  
2 . 1  3 . 6  12 . 8  6 . 0 6 . 2 
..... 
0 
..... 
Rat 
No . 1 
10 36 . 6 
11 13 .4 . 
12 30 . 1  
1,5 108 . 7 
23 19 . 9  
10 32 . 5 
11 14. 7 
12 10 . 9 
15 21 . 8 
23 32 . 9  
10 28 .4 
11 8 . 2 
12 4 . 0 
15 8 . o 
23 5 . 6 
24 HOUR DEPRIVATION GROUP , NON-FORCED 
Days 
2 3 4 5 6 7 8 9 10 11 
Average Total-Minus -Cho ice Running T ime in Seconds ,  Condit ioning 
4 . 1 1 . 6 1 . 2 5 . 6 o . 8 1 .4 1 . 1  0 . 7 7 . 9  1 . 6  
4 . 9 2 . 1 o . 8 o . 8 1 . 8  1 . 0  1 . 0 1 . 0  o . 6 o . 6  
3 . 9 2 . 0 1 . 6 2 . 8 o . 8 1 . 9 1 . 2 1 . 1  o . 8  o . 8  
3i. 9 16 . 6  3 . 6 4. 6 7 .4 3 . 6 4 . 9  6 . o  20 . 9 11 . 8  
• 5 3 . 6  3 . 6 5 . 1 2 . 2 9 . 6 3 . 2 1 . 3 3 • .  2 2 . 8 
Average Choice -Minus-Latency Running T ime in Seconds ,  Conditioning 
197 .4 9 . 8 10 . 0 14 . 6 11 . 9 7 . 6  4. 0 2 . 8 2 . 1 3 . 8 
5 . 0 5 . 6 2 . 8  1 . 7  1 . 7 1 . 8 1 . 5 1 . 6 1 . 4 1 .4 
9 . 6 4 .4 22 . 6 6 .
i 
2 . 7 1 . 8 3 . 8 2 . 8 2 . 3 1 .4 
34. 2 13 . 6 11 . 8 9 . 26 . 7 9 .4 8 . 6 6 . 2 11 . 5 10 . 2 
10 . 6  14. 0 7 . 0 3 . 6 10 . 1  6 . 0 4 . 9 2 . 6 3 . 7 12 . 8  
Average Latency in Seconds 
146 . 7 27 . 6 74 . 0 35 . 8 8 . 9 5 . 2 2 . 2  2 . 2 · 4 . 6 5 . 9 
4. 5 5 . 2 0 . 7 1 . 4 1 . 1  o . 6  0 . 6  0 . 9  o . & 0 . 5 
5 . 3 8 . 0 ,5 . 8  1 . 8 1 . 6 i . 6 o . 8 1 . 3 0 . 9 1 . 1  
4 . 8 33 .4 12 . 4 5 . 6 49 .5 2 . 6  1 . 6  2 . 9  9 . 1 4 . 0 
5 . 2 3 . 3 4 . 2 5 . 3 5 .5 1 . 9 1 . 3 o . 6  1 . 7 o . 8  
12 
1 .5 
1 . 4 
1 . 5 
4 . 6 
10 . 4 
12 . 3 
4. 6 
5 . 4 
9 . 1  
32 . 8  
2 . 4 
o . 6 
o . a  
o . 8 
5 . 3 
._. 
0 
I\) 
Rat 
No. 
10 
11 
12 
15 
23 
10 
11 
12 
15 
23 
10 
11 
12 
15 
23 
1 
35 .3 
3 . 5 
2 . 6 
10.1 
5 . o 
24 HOUR DEPR IVATION GROUP NON-FORCED 
Da-.vs 
2 3 4 
Average Total-Minus-Choice Running Time, Extinction 
8 . 7 9 . 6  8 . 7  
6 .4 6 .1 25 . 3  
9 . 4 7 . 6 15 . 2  
37 .1 223 . 2 60. 2  
Died 
5 
4 .0 
10 . 7 
10. 3 
318 . 7 
Average Choice-Minus-Latency Running Time, in Second s, Extinction 
10. 2  13 . 9 43 .4 24 .1 17 . 7  
2 .3 6 . 9  73 .4 13 .2 17 . 3 
6 . 5 20.0 17 . 6 22 . 2  19 .0 
26 . 6 41 . 7 49 . 4 224. 4 440 • .3 
8 . 5 Died 
Average Latency in Seconds, Extinction 
2 . 6  15 .1 58 . 2  6 . 2 41 .
i 0 . 8 0.6 1.18 o . 6  5 . 
o . 8 9 . 5 1. 8 1 .
i 
9 . 2  
0. 7  2 .0 2 . 7  8 . 5.9 
0 .5 Died 
I-' 
0 
\J.) 
Rat I I N o . 1 
1 18 . 4 
8 14. 2 
16 1
�
. 9  
21  . 8  
25 9 . 8 
1 213 . 3 
8 9 . 6 .  
16 39 . 8  
21  11 . 2  
2.5 25 .0 
1 118 .4  
8 5 . 7 
16 25 . 9  
21 14 • .5 
25 10 . 6  
48 HOUR DEPRIVAT ION GROUP , NON-FORCED 
Dais 
2 3 4 5 6 7 8 9 10 11 
Average To tal-Minus-Choice T ime in Sec onds , Condit ioning 
21 . 9  1 . 2  0 . 9 o . 8  o . 6 1 . 3 o . 8  1 . 6  0 . 7 tl . 3 
6 . 2 3 . 2 1 . 2  1 . 2  1 . 0  1 . 1 0 . 7 1 . 0  o . 6  o . 8  
.5 . 8  2 . 0  3 . 8 I 1 . 2 1 . 6  1 .4 1 . 0  1 . 3 1 . 2 0 . 9  
6 . 3 2 . 6  1 . 6  1 . 0  1 . 0  1 . 3 · o . 8 1 . 2 o . 8 1 . 2 
7 . 6  4. 6 4 . 8 1 . 5 1 . 8 1 .5 1 . 1 1 . 8  1 . 2 1 . 2 
Average Choice-Minus-Latency Running T ime in Seconds , Condit ioning 
365. 1 3 .4 2 . 2  1 . 6 2 .4 1 . 0 2 . 0  4 . 4 2 . 0  2 . 8 
10 . 8  2 . 9 1 . 8 1 . 7 1 • .5 3 . 4  1 . 6  1 .
i 
1 . 2  1 .4 
43 . 1  12 . 8  4 . 2 2 . 4 4. 8 3 . 0 2 . 0  1 . 1 . 5  1 . 4  
3 . 5 2 . 8 2 : 6  2 . 4 . 2 . 4 3 . 4 1 . 8 2 . 0  1 . 9  1 . 6  
19 . 0 4. 6 4. 4 2 .5 4 . 0 ?. • 7 1 . 8  2 . 6  1 . 8 1 . 7 
Average Latency in Seconds , C ondit ioning 
56 .4 38 . 9 ?, . �  10 . 0  14. 72 3 . 78 2 . 3 5 . 2 1 . 1 . 1 . 0  
9 . 5 11 . 3 o . 8  o . 6  2 . 1 o . 6 o . 6  0 . 4  0 . 4 o . 6  
4. 3 11 . 2  4 . 5 1 . 2 2 . 3 . 5 . 8 1 . 0  1 . 9  0 . 9  0 . 5  
1 . 3 1 . 0  o . 8  o . 8  0 . 9 o . 6  o . 6  o . 8  1 . 3 o . 8  
9 . 3 4. 6 2 . 6  1 . 3 o . 8  2 . 0  0 . 1 0 . 7 1 . 2 o . 8  
12 
1 . 2  
1 . 0  
1 . 0  
o . 8  
1 . 6  
3 . 7 
1 . 2 
1 . 6  
1 . 9  
1 . 9  
0 . 7 
0 . 5 
0 . 1 
1 . 0  
0 . 7 
f...l 
0 
-r=-
48· HOUR DEPR IVATION GROUP, NON-FORCED 
Rat I Dais No. l 2 3 4 5 
Average Tot al-Minus-Choice Running Time in S econds, Extinct ion 
1 1 . 1 2 . 2  3 . 4 3 . 6  3 . 3 
8 1 . 1 11 .5  
�·
4 26 . 9  14. 6 
16 1 . 1 5. 0 l . 6 4 . 8 3 . 2 
21 7 .4  2 . 8  2 . 7  7 . 7 4 . 3  
25 2 . 8 20 . 6  5 . 0 4.4 2 . 9 
Av erage Choice-Minus-Lat ency Running Time 1n S econds, Extinct ion 
1 7 . 9 5 . 2 2 . 7  14. 9 5 . 6  
8 1 . 8 6 .4 4 . 2 10 . 8  47 .4 
16 4. 2 5 .4 4 . 2 50 . 9 21 .9  
21  3 .5 2 . 8 3 . 1  4 . 9  4. 3 
25 4.4 11 . 2  8 . 3  14 . 9  46 . 8 
Average Lat enc y in Seconds, Ext inct io n 
l 11 .5  10 . 0  17 . 7  8 . 6  7 . 0  
8 o . 6  0 . 5 0 . 1  2 . 8 1 . 2  
16 7 .4 4. 3 5 . 3 49 .4 47 . 7 
21 1 . 6  o . 8  0 . 7  � 1. 2  5 . 5 
25 1 . 1  4. 5 2 . 1 2 . 1 22 . 1  
..... 
0 
\J'\ 
Rat 
No. 1 2 3 
3 6 . 5  10 . 8  4 . 4. 
4 18 .4 33 . 8  8 . 6  
20 
i
8 . 6 11 . 4 6 . 2  
26 5 . 8 143 . 1  18 . 1 
29 4 . 7  .5 . 6 3 .4 
6 14. 7 7 . 5 1 . 6  
14 9 . 7 3.5 . 6 4 . 2 
19 2 . 4 2 . 7  1 . 7  
22 12 . 2 61 . 5 12 . 3 
2 8  3 . 4  1 . 3  2 . 8  
5 44. 9 38 . 6 43 . 9 
7 16 . 2  11 . 6  23 . 6  
13 5 .4 9 . 8 3 - i 24 12 . 2  4 . 3 o . 
AVERAGE LATENCY IN SECONDS, CONDITIONING 
Days 
4 5 6 7 8 9 
Ze ro De privat ion Group, Force d 
4. 8 7 . 7 2 . 9 3 . 9 1 . 6  2. 5 
5 . 2 4 . 1 35 . 3  1 .
i 
5 . 7 7 . 6  
4. 6  5 .6 3 . 9 1.  4 . 8 11 . 0 
6 .5 43 . 2 2 . 0  1 . 8 1 . 7  1 . 3 
2 . 5  3 . 6 6 . 3  1 . 5  3 . 8  2 . 0 
24 Hour De privat io n Group, Forc e d  
3 . 7 8 . 2 3 . 1  1 . 8 2 . 8 1 • .5 
3 . 8  2 . 6  1 . 2  o . 8  3 . 8 0 . 7  
2 . 7 6 . 2 5 . 4 3 . 5 1 . 2  0 . 9  
7 . 2 2 . 1 22 . 6 2 .4 2 . 0 1 . 3 
2.5 2 . 0  4 . 7 1 . 0  1 . 1 0 . 5  
48 Hour De privation Group , Force d 
3 .0 4 . 3 5 . 0 2 . 0 · o . 8 o . 6  
1 . 9 1 . 3 1 . 0  1 . 2  0 .5 o . 6  
1 . 3 2 . 7 1 . 5 1 . 3 1 .• 3 1 . 2  
1 . 1  1 . 4 o . 6 o . 6 0 . 9 0 . 7  
10 11 
8 . 2 2 . 8 
2 . 7  5 .4 
1 . 9  7 . 0 
1 . 3 1 . 3 
1 . 9  3 . 9 
1 . 9  1 . 6 
2 . 1  0 . 9  
4 . 3 21 . 0 
1 .4 4. 7 
0 • ., o . 6  
o . 8 1 . 3 
0 .4 0 . 5  
o . 8  0 . 7  
2 . 2 o . 6  
12 
12 . 1  
18 .0  
1 . 7  
1 . 6 
1 . 1 
2 . 9  
0 . 7  
1 . 1  
· 1 . 0  
o . 8  
0 . 7 
0 . 5  
0 . 9 
o . 6  
13 
1 . 0  
5 . 5 
.5 . 2 . 
2 . 2 
1 . 1 
14 
o . 8  
3 . 2 
1 .4 
0 . 9  
2 . 8  
.... 
0 
0' 
Rat I No . 1 
3 0 . 7 
4 2 . 3  
20 0 . 7  
26 0 . 9 
29  1 . 0  
6 4.4 
14 1 . 1 
19 1.5 . 1  
22 1 . 3  
2 8  2 . 6  
.5 2 . 7 
7 6 . 0  
13 1 . 5 
24 13 . 1 
AVERAGE LATENCY IN SECONDS , EXT INCTION 
Dais 
2 3 4 
Zero Deprivat ion Group , Forced 
o . 6  o . 6  o . 6  
0 .5 0 .4 4. 8 
6 . 9  1 . 7 o . 8  
1 . 0  o . 6  0 . 9  
0 • .5 o . 8  0 . 7 
24 Hour Deprivat ion Group, Forced 
24 . 0 14 . 7  1 • .5 
i- 3 5 . 0 2 . 0  1 . 3  20 . 7  1 • .5 
8 . o 12 . 7 2 . 3 1 . 2  2 . 2  1 . 7 
48 Hour Deprivat ion Group , Forced 
12 . 2  1 . 7  13 . 3 
11 . 8  5 .5 93 . 7 
13 . 5 5 . 5 Died 
2 . 2  o . 6  3 . 9  
5 
3 . 1 
11 . 9  
.5 . 6  
2 . 0  
3 . 6 
6 . 6 
2.5 . 2  
10 . 9 
1 . 1 
o . 8  
158 . 1 
156 . 1  
1 . 2  
t,.J 
0 
-J 
ZERO DEPRIVATION GROUP, FORCED 
Days Rat 
No . 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Average Total-Minus-Cho ice Rm1ning T ime in Seconds , Conditioning . Trials 1 and 2 
3 235 . 0 494. 0  208 . 0  DNC 230 . 0  DNC 42 . 8 DNC DNC 11 .0  11 . 0  10 . 0  22 . 0  37 . 0 
4 294.0  80 . 6  105 . 0  306 .0  391 . 8 181 . 3 229 . 7  64. 6 DNC DNC 127 . 2  11 . 5  46 .
i 
16 . 7 
20 98 . o 7 . 9 27 . 8 B . o 76 . 9  76 . 7  8 . 3 5 . 8 2 . 3  6 . 6  6 . 8 5 . 2 3 . 7 . 5 
26 170 . 0  166 . 0  138 . 0  326 .0 DNC 38 . 0 77 . 5 DNC 20 .0 68 . o  27 . 5  28 . 0 21 . 0  75 .0 
29 138 . 0  126 .5 209 .5  l!J:6 .0 301 . 5  27 3 . 0 121 . 6  30 . 0  33 . 5 28 •2 7 -2 20 .0  19 .2 7 .5 
Average Total-Minus-Choice Running T ime in Seconds , Condit ioning . Trials 3 and 4 
a 283 . 0  315 . 0  
20 345 .0  
26 DNC 
29 600 . 0  
219 . 0 59 . 3 DNC 57 3 . 0  DNC 
47 . 6 62 .0 42 . 8 340 . 5 79 . 8 
4 . 4 9 . 0 53 . 9 76 . 3 26 . 1 
DNC DNC 76 .0 9 . 0 48 . o 
112 . 5 _ J..48 .• Q _ _180 • .5 _ 303 . 0  . 31 • .5 
DNC 
351 . 8  
12 . 1 
23 . 0 
38 .0  
Average Cho ice-Minus -Latency Running Time 
3 223 . 8 317 . 8 311 .0 600 .0 392 . 8  600 . 0 217 . 2 
4 70 . 2  144. 0  l47 . 9 126 . 8  177 . 5  395 . 3  102 .4 
20 233 .4 211 . 8 183 . 9 92 . 5  79 .5  89 .0 73 . 0 
26 129 . 5 340 . 0 184.0  313 . 3  600 .0  463 . 5  273 . 5  
29 12 .0  18 . 0 32 . 0  11 .0  8 . 6  57 . 0  20 . 0  
3 458 . 6 
4 202 . 7  
20 328 . 4 
26 600 . 0  
29 15 . 5 
Average Cho ic e-Minus-Latency Running T ime 
311 . 4 287 . 2  600 .0  313 . 5  600 . 0 600 . 0  
413 . 7 55 . 7  154. 1 205 . 5 557 . 6 154 . 1  
354 . 2  470 . 5 114.0 326 . 0 100 .0  36 . 0  
600 .0 600 . 0 302 .5 307 .0 333 .5 356 . o 
68 . 5 30 . 5 8 .5 14 . 0  35 .5 18 . 5  
239 . 0  DNC 40 . 0  DNC 7 . 5 DNC DNC 
DNC 19 .0  DNC 50 . 5 98 . o  29 . 7  2 . 2  
19 . 3 102 .4 19 . 1  21 . 0 50 . 8 6 . 3  14.4 
126 .5  DNC 149 . 0  5 . 0 20 .0  16 . 0  134.5  
68 • .5 �. o 5 -� S5 3 . 5 1 • .5 7 .0  
in Seconds , Condit ioning, Trials 1 and 2 
600 . 0  600 . 0  310 . 3  168 . 5 336 . 8  308 . 9  404. 0  
197 .4  600 . 0  600 .0  248 .0  212 . 5 62 . 3 51 . 8 
74 .0  175 . 0  37 . 5 24. 0  19 .5  27 . 5  18 . 5  
600 . 0 320 . 5  135 . 0  113 .0  160 . 5  24 . 5 431 . 0  
45 . 0 17 • .5 · - � J_5_ ._Q __ 6 ! 5  - J.5 . 0 12 . 0 6 .  0 
in Se conds , Condit.ion ing . Trials 3 and 4 
136 . a  600 .0  149 . 6 600 . 0  508 . 8  600 . 0  600 . 0 
600 . 0  495 . 1  600 . 0  312 . 3 154. 3 19 . 7  63 . 5  
56 . o 147 . 0 B . o 60 . 5  38 . 0 34 . 5  33 . 0  
159 . 5 600 . 0  525 . 0  317 . 5  250 .5 34. 5 138 . 0 
15 .0  6 . 0  3 . 0 14.0 2 . 0 2 . 0 3 . 5 
t,-a 
0 
CD 
ZERO DEPRIVATION GROUP, FORCED 
Rat I Days N o .  1 2 3 4 5 
Average Total-Minus-Choice Running T ime ,  Ext inction, Trials 1 & 2 
3 2 . 9  DNC DNC 49 . 2  6 .4 
4 23 . 1  6 . 6  26 . 4  9 .5 1 . 2 
20 7 . 8  1 . 2 8 . 6 l·4 
20 . 8  
26  10 . 0  25 . 0  38 . 0  . o 40 . 0  
29 10 . 5  4.5 5 . 5 42 .5 14. 5 
Average Total-Minus-Choice Running T ime in Seconds , Ext . , Trials .3&4 
l DNC DNC 238 . 0  DNC 126 . 0 42 . 1 3 .4 2 . 6  189 . 4  2 . 9 
20 6 . 1  2 . 0  5 . 6 24. 6 6 . 9  
26 13 . 0  46 . 5 162 . 5 35 . 0 12 . 0  
29 3 .5 1 . 5 1 . 0 29 . 0  10 . 0  
Average Choice-Minus-Latency Running Time in Seconds , Ext . ,  Trials 1 & 2 
a 306 . 8  600 . 0  600 . 0  439 .4 330 . 0  342 . 1  119 . 0 13 . 0 46 . 7 147 . 2  
20 27 .5 34. 0 34. 0 20 . 5 32 . 0  
26 316 . 5 305 . 5 123 . 0  439 . 0 302 . 0  
29 12 • .5 10 . 0  15 • .5 8 . 5 14 .5 
Average Choice-Minus-Latency Running T ime in Seconds , Ext . , Trials 3 & 4 
3 600 . 0 600 . 0 302 . 8  600 . 0  364 . 1 
4 35 . 6 1 . 6 3 . 6  315 . 1 331 . 2 
20  166 . 0 10 .5 38 . 0  156 .5  21 .5 
26 21 . 0 125 . 0  11 .5 341 . 0 338 . 0 
29 1 . 5 1 .5 1 .5 2 . 0  1 .5 ...., 0 '° 
Rat j 
No . 
6 
14 
19 
22 
28 
6 
14 
19 
22 
28 
6 
14 
19 
22 
28 
6 
14 
19 
22 
29 
24 HOUR DEPRIVATION GROUP, FORCED 
Dais 
1 2 3 4 5 6 7 8 9 10 11 12 
Average Total-Minus-Cho ice Running T ime in Seconds , Conditioning , Trials 1 & 2 
19 . 0  10 .5  3.5 5 . 0 
15 . 2  5 . 5 2 . 8 1 . 2  
35 . B 6 . 0  2 . 6  7 . 6 
18 . 0  5 . 6  3 . 5 2 . 4  
17 . 0  4. 8 6 . 0  7 . 4 
Average Total-Minus-Cho ice 
·42 . 0 11 . 0  10 .5 3 . 0  
16 . 5  5 . 6 3. 0 1 . 7 
17 . 2  4. 3 22 . 6  19 . 2  
15 . 8 10 . 9  2 . 6  6 . 9  
24. 2  4 .6  4 . 9  3 . 0  
2 . 5 1 .5 
1 . 4  0 . 9 
8 .4 4.5 
1 . 6 1 . 6  
18 . 8  1 . 9  
Running T ime 
4. 0 1 . 5 
1 . 7 2 . 2  
57 . 2 39 . 3  
7 . 0 25 . 8  
2 . 0  5 . 2 
2 . 0 0 . 9  1 . 0  1 . 2  1 .4 1 . 6  
1 . 3 1 . 2 1 . 2  1 . 0  1 . 0  1 . 1 
2 . 0  1 . 3 o . 8  1 . 0  1 . 0 1 . 1 
2 . 1  1 . 7 1 . 2  1 . 2  3 . 7 1 . 8 
7 . 7 2 . 0  11. 1 2 . 3  3 .4 3.2 
in Seconds , Conditioning , Trials 3 & 4 
11 . 0  12 . 5  6 .4 10 . 8  29 . 2  11 . 6  
4. 0 3 . 3 3 . 3 6 . 8  4 . 0 2 . 6  
28 . 9 5 . 6  5 .4 16 . 8  73 . 8  49 . 9  
19 . 6  12 . 4 16 . 8 17 . 6  64. 0  7 .5  
4 . 3 13 . 5 7 . 4 30 . 4 5 . 1  149 . 0  
Average Choice-Minus-Latency Running T ime in Seconds , Condit ioning, Trials l & 2 
25 . 0  62 .5  36 . 5 18 .5 16 . 5  5 . 0 5 . o  3 . 0  3 . 5 3 .5 5 . 0 4. 5  
42. 7 47 . 9  10 .4 3 . 2 6 . 5  2 .4 2 . 8 2 . 9  2 . 4 2 . 6  3 . 1  2 . 6  
17 . 4  8 . 3  12 .
i 
54 . 3 . 13 . 9  39 . 4 6 .
i 
8 . 4 3 . 6  2 . 9  5 . 5 3 . 7 
8 . 3  6 . 6  23 . 26 . 3  ' ·11 . 2 5 .4 4 . 4. 2 2 . 8  2 . 4 3 . 4 7 . 3  
19 . 5  10 . 9  13 .4 25 .5 17 . 8  4 . 2  14. 8 5 . 9  9 . 0 6 .4 3 . 4 4. 5  
Average Choice-Minus-Latency Running T ime in Seconds , C ondit ioning , Trials l & 4 
50 . 0  25 . 5 35 . 0 14.5 3
8 . t  
48 . 0 4. 5  14. 0  45 . 5 80 . 5 23 .5  47 .5 
96 . 6 35 . 0  15 . 7  6 . 9  7 .  7 . 0 5 . 2 12 . 5 6 . 8 55 . 8  11 . 1  4. 4 
5 . 6  5 .4 25 . 2 46 . 8  98 . 4 83 .4  17 .4 17 . 8  29 . 3 179 . 9  38 .5 9 1 . 2  
38 . 5 115 . 0 5 .  0 112 . 4 7 . 2  33 .4 42 .4 57 . 0  40 . 2  10 . 6 127 . 2 25 .4  
11 . 9 21 . 2  18 .5  10 .4 23 . 1  8 . 1  47 . 3 10 . 5  1 . 2 7 .4  20 . 2  26 . 6  
..... 
..... 
0 
24 HOUR DEPRIVATION GROUP, FORCED 
Rat I Days No. 1 2 3 4 5 
Average Total-Minus-C hoice Running Time in S econds , E xt . , Trials 1 & 2 
6 5 .4 5 . 0 13 . 4 5 . 6  43 . 9 
14 2 .4 4. 4 19 . 4 2 . 2 7 . 2 
19 
i-
2 4. 0 16 . 6 1 . 4 37 . 9 
22 . 8  1 • .3 9 . 6 23 . 5 75 . 2 
28 7 . 0  10 . 6 33 . 7 24 . 3 10 . 6  
Average Total-Minus-Choice Running Time in Seconds, Ext . ,  Trials 3 & 4 
6 19 . 6  69 . 8 14. 3  27 . 6  4 . 8  
14 8 . 2  8 . 6  20 . 3  36 . 4 31 . 1  
19 47 . 0  36 . 6  7 . 5 10 . 0  1 . 3 
22 21 . 9 22 . 3  29 . 8  13 . 2 3 . 8  
28  11 . 2  23 . 3  6 . 6  101 . 0 26 . 9 
Ave rage Choice-Minus-Latency Running Ti me 1n Se conds, Ext . ,  Trials 1 & 2 
6 .  7 . 5 29 . 5 25 . 0  13 . 0 11 . 5  
14 3 . 8 22 . 2 17 . 5 4 . 7 11 . 4 
19 7 . 9 32 . 6 51 .
i 
4. 3 96 .
i 22 23. 4 313 .4 13 . 29 .
i 
19 . 
28  9 . 9  8 . 9  20 . 8  4. 10 . 6  
Ave rage Choice-Minus-Latency Running Time in S econds , Ext . ,  Trials 3 & 4 
6 l+. 0 17 . 5 6 . 5 6 . 0 2 . 0  
14 4. 6  11 . 0  5 . 0  3 . 2  6 . 4 
19 9 . 8  61 .4  6 . 7 21 . 3 f4 
..... 
t-' 22 58 . 4  51 . 9  133. 1  11 . 9  l . 7 t-' 
28  13 . 6 3 . 8  29. 0 34. 1 27 . 8 
48 HOUR DEPRIVATION GROUP, FORCED 
Rat f Dais No . 1 2 3 4 5 6 7 8 9 10 11 12 
Average Total-Minus-Cho ice Running T ime in. Seconds , Condit ioning, Trials l & 2 
5 2i. o 3 . 9 2 . 9 1 . 9  1 . 7 1 . 8  2 . 0 1 . 3 1 .4 1 . 2  1 .4 1 . 2  7 1 . 6  5 . 2 3 . 8  1 . 6 1 . 3 1 . 0  1 .4 1 . 6  1 . 2  2 . 0 1 . 0  o . 8  
13 8 . 8  6 . 6  2 . 2 1 . 3 1 . 2  1 . 0  1 . 6  1 . 6  1 . 5 1 . 6  1 . 0  1 . 1 
24 19 . 2  11 . 7 5 . 0 1 . 7  1 . 2  1 . 1  1 . 8 Q . 8  1 . 2  1 . e  1 . 0  1 .4 
Average Total-Minus -Cho ice Running T ime in Sec onds , Condit ioning , Trials 3 & 4 
5 16 . l  4. 2 2 . 2  2 . 0 2 . 3 4 . 6 1 . 6  2 . 7 2 . 7 2 . 9 o . 8  5 .  0 
7 6 . 7 4. 8 2 . 1 2 . 3 13 .4 2 . 0  1 . 6  5 . 1  2 . 0  6 . 6  1 .4 7 . 0  
13 4. 0  4. 7 17 . 6 2 . 0 8 . 4 11 . 2  8 . 6 5 . 2 33 . 2 4. 6 4. 7 4. 3 
24 7 .4 3 . 6  1 .4 1 . 6  3 . 5 1 . 2  9 . 2  1 . 8 4. 7 2 . 3 3 . 3  1 . 8 
Average Choice-Minus-Latency Running T ime in Seconds , Condit ioning, Trials 1 & 2 
5 45 . 8  40 .4 6 . 0  5 .4 3 . 0  4. 5 3 . 3  3 . 0  2 . 3 2 . 2 2 .i 3 . 8  7 11 .
i 
7 .4 7 . 0  2 . 3 2 .
i 
2 . 0 2 . 0 2 .4 1 . 8 1 .4 1 .  1 . 5 
13 10 . 6 . 7 5 . 2 2 . 0  2 .  2 . 3 2 . 2  3 . 2  2 . 6 1 . 9 1 . 9 3 . 0 
24 10 . 6 11 . 6  4. 1 1 . 1 2 . 2  2 . 8  4. 5  1 . 6  1 . 7 2 . 6 2 . 0  3 . 7 
Average Cho ice-Minus-Latency Running T ime in Seconds , Conditioning , Trials 3 & 4 
5 22 . 1  40 . 9 4 . 3 
J-
9 1 .
i 
4. 8 5 . 0 2 . 8  5 . 9 4. 1 3 . 0  1 . 8 
7 9 . 9 9 . 6  12 . 3 . 8  4. 21 . 2 9 . 9 2 . 3 9 .4 2 . 8 11 . 6  2 . 8 
13 12 .4 8 . 0  8 . 8  22 . 0  47 .4 6 . 2 18 . 8  14. 2  5 . 0 10 . 8  12 . 8  7 . 8  
24 68 . 2  4. 6 6 . 2  4 .4 6 . 2 5 . 8  5 .4 42 . 1  86 . 8 2 . 8  20 . 6  15 . 0 ..... ..... 
48 HOUR DEPRIVATION GROUP, FORCED 
R at I Dais N o. 1 2 3 4 5 
A verage Total-Minus-Choice R unning Time in Se conds, E xt . , Trials 1 & 2 
5 1 . 1 2 . 8  6 . 6  4. 2  DNC 
7 2 . 8  7 �4 11 . 6  16 . 2  DNC 
13 0 . 9 8 . 7 8 . 9 Die d 
24 0 . 9 2 . 6  6 . 1  18 . 6  2 . 4 
A verage Total-Minus-C hoice Running Time in Se conds, E xt . , Trials 3 & 4 
5 2 . 8  2 . 0  1 . 8  10 . 6  6 . 3 
7 5 . 2 1 . 7  3 . 6  DNC DNC 
13 2 . 8  3 . 0  1 . 9 Die d 
24 4.4 18 . 2 1 . 2 11 . 2  2 .4 
Average Choice-Minus-Late ncy Running Time in Se conds, Ext. , Trials l & 2 
5 2 . 6  5 . 7  6 . 2  15 . 5  600 . 0 
7 1 .
i 
5 . 4  4. 6  333 . 2  600 . 0  
13 2 .  9 .4 6 . 6  Die d 
24 2 . 0  6 . 4 4. 4 5 . 8  9 . 0  
A verage Choice-Minus-L ate ncy Running Time in Se conds, Ext . , Trials 3 & 4 
5 8 . 8 6 . 3 5 .4 -101 . 6  343 . 3 
7 2 . 0  4 . 2  5 . 0 600 . 0  600 . 0 I-' 
13 3 . 2 7 . 1 9 . 9 Die d --- I-' 
24 5 . 6  3 . 1  2 . 0  174 . 2 10 . 3 
